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INCE THE FAMOUS CONTROVERSY of 
Galvani and Volta in the last decade of the 
) 18th Century, it has been known that living 
es generate electricity, and in 1848, when this 
wiation Was founded, many studies of the elee- 
| properties of nerve and muscle had already 
» published. By that 
for example, published a two-volume study of 


year, du Bois Reymond 
nal electricity, and in 1850 Helmholz measured 
rate of propagation of the nerve message for the 
time and found it to be absurdly low for con- 
ed electrical action—of the order of 20 meters 
second in frog nerve. 

is now established that all living cells are con- 
ous converters of energy, and the form and fune- 





of the cell are maintained by dynamic steady 
ss, Only dead cells are in thermodynamic equi- 
Within each cell, 
ed enzyme systems promote in stepwise sequences 


ium with their environments. 


degradation of foodstuffs that have entered the 
irom its environment of body fluids, of sea water, 
bi fresh pond water, depending on its habitat. 

lembranes separating the protoplasmic contents 
Due 
he asymmetrie steady-state flow of substances, in- 


i the environment are selectively permeable. 


ling electrolytes, across cell walls, these walls are 
urized so that, in most eells, the interior is found 
from 50 to 100 millivolts negative to the exterior. 
Ss store potential chemical energy, and because 
are irritable, this energy can be converted sud- 
y to other forms. Thus a local decrease in the 
meubility of a cell membrane, initiated by elee- 
tl, chemical, mechanical, or thermal means, permits 
cells’ own currents to flow through this region of 
ged permeability from the positively charged out- 
'o the more negatively charged inside and to com- 
e the cireuit by flowing back out more diffusely 
hugh the adjacent intact membrane. Such a local 
ent in itself may act as an electrical stimulus to 





use energy from adjacent areas of the cell, so that 
ave of electrochemical change is propagated away 
ithe stimulated region as swirling eddies of in- 
dly and outwardly directed current. In long fila- 


> 


tous cells, such as nerve fibers, the passage of such 
Pulses is detectable with recording apparatus. 


_ Siege 


Waves or AcTION IN NERVE TISSUE 


hy study of the behavior of nerve mechanisms be- 
OS 5 . . . 
“4study of waves and rhythms. The impulses in 





ythmic Behavior of the Nervous System 


rester Foundation for Experimental Biology, Shrewsbury, Massachusetts 


afferent nerve fibers that convey information to the 


brain and the signals sent out by the brain over motor 
nerve fibers to muscles are waves of electrochemical 
change that sweep along the fibers at speeds ranging 
from a fraction of a meter per second in very small 
Ac- 
companying the passage of impulses in nerve are 
definite electrical, chemical, and thermal changes. 
During the first two decades of this century, pri- 
marily through the work of Gotch and of Lueas, it 
was learned that nerve impulses travel as discrete 


fibers to 120 meters per second in large fibers. 


pulses of energy, and following each pulse or wave, 
the nerve is refractory to further stimulation for very 
brief intervals of the order of milliseconds or fraec- 
tions thereof. Time is required for membrane excit- 
ability to be restored by metabolism. 

The accelerating development of good electronic 
devices by physicists and engineers since the middle 
1920’s has yielded much information about impulses 
in individual sensory and motor nerve fibers and the 
ways in which sensory nerves transmit information 
from the environment to the brain. Adrian and a 
number of other physiologists have shown that in- 
tensity of sensation and strength of muscular contrac- 
tion are correlated with frequency of nerve impulses, 
but quality or modality of sensation is not traceable 
to peripheral nerve impulses but is rather a central 
phenomenon of the brain. 

Impulse conduction across junctions between nerve 
cells, called synapses, takes place in only one direc- 
tion. While nonsynaptie nerve nets exist in lower 
animal forms, such as coelenterates, well-integrated 
and complex behavior requires effective switching de- 
vices as represented by the one-way synapse, where 
temporal and spatial summation of impulses takes 
place, permitting control and direction of excitation 
and inhibition of contiguous cell units. 

The nature of waves of action in nerve tissue was 
well deseribed by A. V. Hill (7) in 1933, when he 
wrote: 

‘Most of the well-known oscillations with which physics 
is concerned are a consequence of the reaction with one 
another of properties analogous to inertia and elasticity. 
A moving or a changing system tends, on the one hand, to 
continue in its state of motion because it possesses, for 
example, mass or inductance; even social, economic and 
intellectual changes are endowed with such characters 
of inertia which keep them going when they have passed a 
true position of equilibrium. On the other hand, such 
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systems, if they are to continue to exist, if they are not 
merely to be dissipated, must possess converse preperties 
which tend to bring them back once they have overshot 
their equilibrium: such properties in physics are elastic- 
ity and electrical capacity; in finance and polities, fear 
and conservatism. These exercise a constraining force 
increasing with the displacement from equilibrium, and 
ultimately reverse the motion or change and the same 
oscillation is repeated in the opposite direction. 

‘*There is, however, another type of oscillation, less 
commonly discussed in physics and mechanics but none- 
theless well-known in everyday affairs; that which depends 
upon a discharge taking place when some limiting poten- 
tial or intensity is reached. For example, water falling 
into a tank equipped with a syphon will come out in 
rushes whenever it rises to a certain level. Or again, a 
population in which an epidemic of measles cannot start 
because of the number of people in it who are immune, 
having had the disease already, will gradually become 
less immune as time goes on, and finally an epidemic, a 
wave of measles, will sweep through it. A neon lamp 
with a parallel condenser in series with a resistance and 
an electromotive force, will discharge at regular intervals, 
namely whenever the potential difference across the eon- 
denser reaches a certain critical value. This type of 
oscillation does not depend upon inertia reacting with 
elasticity. Its essential nature is that (a) some state, 
some potential, some intensity, is built up by a continuous 
process. and the condition becomes less and less stable 
until one is reached in which discharge must take place, 
and (b) this discharge, once started, forms a path for 
itself by which (as in a syphon or an electric are) further 
discharge is facilitated until what has been built up 
gradually has been broken down and the process begins 
again. This type of oscillator (sometimes referred to as 
a relaxation oscillator) is the one with which we are 
concerned: in physiology. 

‘*Waves may be transmitted on the same principle in 
a system extended in space. An unstable state is 
gradually built up at some point, either through an 
external agency or by some intrinsic process, discharge 
is begun which starts and facilitates a discharge in 
neighboring regions which themselves discharge, and so 
a wave is propagated. Such waves will oceur periodically 
if at some region the potential at which discharge begins 
is less than that finally attained by the continuous process 
of charging. They will require, however, an external 
agency (a ‘stimulus’) to start them if the unstable con- 
dition, the limiting potential, is not attained sponta- 
neously. Models of such waves will occur to all of you; 
their principle is obvious. I have emphasized it because 
the waves on which nervous activity is based appear to 
be of this type. All detailed theories of nervous trans- 
mission may well be wrong but this general idea of it, 
involving a building up and discharge, is almost certainly 
right.’’ 


All human behavior, whether it be a reflex response 
to stepping on a tack or the development of a math- 
ematical analysis, depends finally on the organization 


of messages in the central nervous system. As Jo- 








this world as interpreted by our nervous gy 
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hannes Miiller stated over a century ago, we jy, 
sense a direct external world but rather propertig 


Since all nerve messages in individual nerve 4, 
are alike except for differences in timing and vol 
this means that patterns of organization of mes 
in the brain must be the ultimate basis for the; 
quality of our experience, including ideas thensly 


ELECTRICAL BRAIN WAVES 


In 1929, Hans Berger reported sinusoidal ¢le«ty 
oscillations of a frequency of about 10 per vy 
picked up from electrodes attached to the sealp ¢(; 
laxed human subjects with closed eyes. Berger 
portant observations were soon confirmed and in| 
past 18 years hundreds of studies of electrical a 
ity of the brain, animal and human, have appuy 

The electroencephalogram, or EEG, as the by 


wave record is called, usually displays a donin 


A 
Supraoptic nucleus 
Ra IV A ty 
Cortex 
nen nnha APS AA pr ansnnelfy 
B 


Bupraoptic nucleus 


NN eee AA innit 


Mamaillary body 
Evan a ead “salen iatieaeten th bet mm dain sa aaa Mealine mada 


Fic. 1. Two pairs of records from an unanesthe- 
ized dog with small leads inserted in the brain. 4- 
Upper from anterior hypothalamus ; lower from corte 
(simultaneous recording). The dominant rhythms ir 
14 per sec. B—Upper from anterior hypothalamus 
lower from mammillary body (simultaneous recor 
ing). From Hoagland, Himwich, Campbell, Fazek# 
and Hadidian, J. Neurophysiol. 1939, 2, 276. 


frequency called the alpha rhythm of 9 to 11 eve 
per second at an amplitude of 20 to 50 mic! 
most conspicuous from the occipital region of! 
head over the region of the brain concerned with 
processes, although it is often manifest all over! 
head. Exploration of nuclei and tracts in eps 
brains of living animals and of man at ope! 
show that all of the brain centers are rhythm 
active at frequencies of 2 to 30 eycles per * 
with different frequencies characteristic of dif 
nuclei but with predominant activity in the ral 
8 to 18 cycles per second. Fig. 1, for example, ot 
cortical and hypothalamie records taken by us! 
an unanesthetized and contented dog with small 
trodes permanently imbedded in the cortex and 
the hypothalamus. The cortical records and the? 
from the anterior hypothalamus show the same" 
of waves, although the activity from the po 
hypothalamus displays faster and more irregulat ” 
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ences. Fig. 2 shows pairs of EEG tracings from 
ch of 5 persons. The upper trace of each pair is 
om the oceipital cortex and the lower trace is from 
Ve fh lead at the roof of the pharynx near the anterior 
1 Volty spothalamus. Somewhat different brain wave pat- 
Negi ys characterize each individual, but it is interesting 
the 5 ) note the similarity of the records from two such 


emsely 


re doy 
Dertig 


5 SV sty 


note brain areas in the same person. 


electy 
AT Sem 


alp of at N PDO ga torr ntitryrghetrn alg A 





gers | 8 
nd inj 
DAD LPL CILIA DDD eer" 
cal a¢ 
Ap pea AIAITOAA ARIA een yr es 
he br C 
doming 
ee ee yn Wine 
Wn D 
Woy WW ye Mev yrs 
oe E 
wave RR RA ye MAMAN ANA lain fh 
l2on~" 
ost het- 
est WAAAY tin pi VV WAN rn of Vv 
A- [rdecond | 

corel 
ms are Fig. 2. Pairs of electroencephalographie tracings 
lamus from five persons. A, B, C, D, and E refer to differ- 
record ent individuals. The upper tracing of each pair is 
azekas from a cortical electroencephalogram, and the lower 

tracing of each pair is from a recording made si- 

multaneously with a lead inserted in the roof of the 
11 ev pharynx near the anterior hypothalamus. The upper 
a tracings of A, B, and D are from the vertex. The 
1erov" upper tracings of © and E are from the occiput. 


n of " Note similarities of patterns in a given individual 
from cortical and basal leads. From Hoagland, Cam- 
fron, Rubin, and Tegelberg, J. gen. Psychol., 1938, 
19, 247. 
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While the EEG is generally characterized by a dom- 
ant frequeney of around 10 eyeles per second, Fou- 


peril 
thea 
r sed ‘r transforms make it elear that a whole spectrum 
differ i waves ranging from 2 


range 


to 30 eyeles per second is 
There is considerable 


‘ration in the dominance of components of the fre- 


resent from any given loeus. 


us I nencies from person to person and studies of iden- 
nall ¢ eal twins and of family groups in general show a 
¢ ani tong tendeney for the particular EEG patterns to 


‘inherited. This is also true of abnormal patterns 


lat have proved useful in diagnosing epilepsies. 
The brain waves are eomposed of electrical dis- 


harges of many cells firing in synehrony and the 


sinusoidal pattern appears to be due to the distribu- 
tion of thresholds of firing of groups of cells. Evi- 
dence indicates that reverberating circuits of activity, 
involving one-way cell-to-cell synaptic conduction be- 
tween thalamus and cortex and back again, and even 
between hypothalamus, thalamus and cortex, are in- 
volved in the rhythms, since suitably placed lesions in 
these lower centers may abolish some of the cortical 
rhythms, apparently by interrupting loops of neurone- 
to-neurone conduction. But, on the other hand, con- 
duction ean take place from cell to cell in oriented 








| 
sal "hon 
He 











Fig. 3. 
tral nervous 
belge Neurol. Psychiat., 1947, #7, 542). A—Optie 
ganglion of the beetle Dystiscus: effect of light of 
increasing intensity (A through C) in abolishing the 
rhythm (from Adrian, 1937). B—Catenary ganglion > 


different cen- 
Bremer (J. 


from 


Waves and rhythms 
systems as figured by F. 


of the lobster: ganglionic waves (below) and nerve + 
impulses led from an interconnecting nerve trunk 


(from Bonnet, 1938). C—Gray substance of the an- 
terior horn of the eat spinal cord discharging syn- 
chronously after a period of asphyxia (from Bremer, 


1941). D—Cat cerebellar cortex: synchronous ac- 
tivity following brief electrical stimulation (from 
Dow, 1937). .E and F—Rhythmic activity in two 


functional states of the cerebral cortex of the cat 
after surgical de-afferentiation (from Bremer). 


polarized brain cell layers by electrotonie action from 
active to inactive cells by way of electrical conduction 
through bathing fluids and independent of synaptie 
This phenomenon has been demonstrated by 
studies from the laboratory of F. Bremer (2, 3) of 
Brussels and in this country by Gerard et al. (5) 

studies of electrical waves in frog brain and in iso- 
Moreover, in lobotomy 
operations, eutting connections of the frontal lobe of 
the cortex with the thalamus in man does not modify 
the frontal brain wave patterns. Thus, both synaptie 
econduetion and nonsynaptie electrotonic conduction 
appear to be involved in the spread of brain waves in 


eireuits. 


lated pieces of frog brain. 
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eentral nerve tissue, and work of a number of inves- 
tigators has shown basie brain wave rhythms to be 
independent of the arrival of afferent impulses, al- 
though such impulses can modify the rhythms. Fig. 
3, from a paper of Bremer (2), illustrates brain wave 
rhythms of central nervous tissue trom beetles to 
mammals. 

A variety of factors have been found to change the 
EEG patterns. Thus, the alpha rhythm is charac- 
teristic of the subject at rest with eyes closed. Pat- 
tern vision with the eyes opened, i.e., focusing visual 
attention, and even the recall of visual images with 
the eyes closed, abolishes it although it is not abolished 
even by strong diffuse illumination through closed 


lids. Oeceupation of the visual cortex with pattern 
discrimination disrupts the synchronized neurone 
beats. 


Sleep and even drowsiness, together with a variety 
of conditions of impaired consciousness produced by 
drugs, are accompanied by slowing and disruption of 
the dominant alpha frequency and its replacement 
by more or less slow random waves. 

One factor determining the basic frequency of the 
dominant rhythms, other things being equal, seems to 
be the rate at which the brain burns sugar, its only 
normal fuel. Thus, there is a progressive slowing of 
alpha frequeney with decreasing sugar or oxygen 
carried by the blood to the brain or by the administra- 
tion of inhibitors of the brain’s oxidative enzyme sys- 
tems; conversely, metabolic stimulants increase the 
frequency. Increasing the alkalinity of the blood 
slows the frequencies, an effect which is easily demon- 
strable by rapid deep breathing that blows off carbon 
dioxide. 

Increasing the internal body temperature by fever 
or by diathermy increases alpha brain wave frequencies 
and some years ago we found that the Arrhenius equa- 
tion relating the rates of pace-limiting simple chemical 
processes to temperature describes this relationship, 
and gives three values for the activation energy. Two 
of those values are identified with specifie enzyme 
systems which are known to be present in the brain 
and which appear to act in the brain’s sequence of 
oxidation steps as rate-limiting chemical pacemakers 
for the alpha frequencies (6, 8). 

These metabolic findings are consistent with the 
view expressed by Hill in our earlier quotation; 
namely, that nerve cells function as relaxation oscil- 
lators that may fire repetitively in respezc2 to volt- 
ages built up across the cell’s membranes by cellular 
oxidation. This general point of view applies equally 
well whether the cells are regarded as firing as inde- 
pendent units stimulating neighboring cells to syn- 
chrony by electrotonie action or whether the brain 





— 








waves are due to synchronized reverberating ¢ire,j, 
involving, by synaptic conduction, extensive brain 
regions in loops of activity. 

It is of interest in this connection that we hare 
found the human time sense to obey the Arrhen, 
equation and yield an activation energy simila; ‘ 
that encountered in some studies of cell respiratig 
but different from that for alpha frequencies, {j, 
subjective counting of the number of seconds jy , 
minute speeds up with elevated internal body tempen. fi, ., 
ture so that more seconds seem to pass per minut 
and private time therefore appears to drag in 9». 
parison with public time accepted as a standard. (jy 
sense of time itself thus seems to be regulated by soy 
as yet unidentified enzyme system, a sort of mase 
chemical clock with an activation energy of 24,\ii 
































calories. Fig. 4 demonstrates these data. 
Ry In 
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Fig. 4. Arrhenius equation plot showing effect of 





internal temperature on the rate of estimating time 
Different symbols refer to different persons. The ab 
solute rate of counting is not indicated, since the 
ordinate has been telescoped. From Hoagland, / 
gen. Psychol., 1933, 9, 26%. 








On the clinical side, during the past 15 years elt 
troencephalography has proved to be an importal! 
adjunct in diagnosis of epilepsy and in localizt 
brain lesions for subsequent surgery. Det 








BRAIN PHYSIOLOGY AND BEHAVIOR 


The discovery of continuous rhythmical elect Hy 
activity in the brain has opened new possibilities tak 
interpreting the physiological basis of behavior. “Hi \o 


tal processes have a continuity, and consciousness Mace 
an enduring affair interrupted at intervals by the seMitia 


rhythm but otherwise normally persisting through"jMMhon 
life. Nothing in the study of classical reflex necli MRe |iy 
nisms has adequately accounted for learning and “Rss 


persistence of memory. For a century after Magent(i ry 
and Bell, the brain was regarded as a complex sy"" qn 
of pathways whereby impulses from the periph ise: 
reached effector organs to produce behavior in SU!" a 
lus-response sequences and, while many excell Col 
studies of spinal reflexes shed light on the physioli pler 
of these fundamental units of behavior, little pro?" nn 
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Ireuit , correlating brain physiology with higher mental 
braig fmm cesses was possible so long as the brain was re- 
»rded merely as a classical passive telephone-switch- 
E hare ard. Who, after all, plugged in the right connec- 
hening ons? Who or what was the operator of this inert 
lar (MMB itehing system? Obviously the brain itself—but 
IN ation bw? 

Thy since 1943 several contributions have appeared 
Sa hich shed suggestive light on this problem. Thus, 
Lper. ME senblueth, Wiener, and Bigelow (11); Pitts and 
minute «Culloch (10); Adrian (1); and more recently 
1 CO orthrop (9) have considered these matters from 

ny freshingly new angles. It has been my privilege to 
V Song ai in manuseript Norbert Wiener’s book Cyber- 
master ties, or control and communication in the animal 
24,0) the machine (13) and I should now like briefly 

, consider a few of the matters pertinent to waves 
nd rhythms raised in these studies. 
In 1940 Wiener worked out the principles of a 
jichine now in operation for the solution of partial 
itferential equations with more than one variable, 
hd has made interesting comparisons of this machine 
iti the brain. Kenneth Craik in his book The nature 
j explanation (4) has made similar comparisons but 
\ ‘iener’s analysis is more extensive. The machine is 

“Ny si : ; 
1 «| data and proceeds to perform a complicated series 

ant 








logical operations at a rapid rate through electronic 


itching devices. The computations are based on a 














t of 
ime ile of two after the algorithms of Boolian algebra 
~ jther than on a seale of ten, and electronic relays 

“i hich give an on-off or a yes-no answer are the 

riching deviees employed. 

: All data according to the rules of logie and number 
ay ¢ operated upon by the machine in sets of choices 
4 ‘ween two alternatives, and all the operations on 
Un" ee data take the form of making a set of new choices 

pendent on a set of earlier choices. The operations 

e timed by a central clocking device. This clocking 

RY ve performed by an actual clock, or its equiva- 

pe trical nt may be performed by not permitting a process 
ties Ol take place until its antecedents have occurred. 

MME No human interference with the processes takes 
aan : ie Trom the time of supplying the machine with its 
e i, ital information until the end of the ealeulations. 
ug hott wusands of ordered operations take place at an ex- 
mech ‘ingly rapid rate, condensing into minutes proe- 
ind WHRSes that would require days to complete with ordi- 







anit — 
agent 'V methods of computation. 






cystell enah . . ‘ q - 
ey" In such a machine there are devices to retain im- 







riphet Alses unti! it othe > . . : 

4 i! it is time for the appropriate cireuit to 
stim t ‘ol. : 

1a ind relate them to other events in the processes 
xe Ie C 9+} 1: . . 
a ; *uiputation. This may be done in the machine by 





reverberating circuits and by electronic 





ogres nny ™ = 2. . rie 
c Ing deviees, such as are used in television and 






also in the form of magnetization patterns of the 
molecules in iron wire after the manner of the well- 
known wire recorder. Thus, information can be stored 
until ready for use, and the machine quite literally 
possesses a functional memory in the form of patterns 
of dynamie electrical configurations or of molecular 
patterns which may be called upon to furnish infor- 
mation by appropriate stimuli arriving as timed pulses 
from other circuits in the apparatus. It is important 
to realize that this memory need not be lodged in any 
one locus in the machine, but belongs to its function 
as a whole. To ignore this is to commit the fallacy of 
Descartes in locating the action of mind on matter 
in the pineal gland. 

A basie controlling principle in the integration of 
patterns of activity in the machine is that of negative 
feed-back, and evidence clearly indicates that negative 
feed-back plays a fundamental role in nervous integra- 
tion. In any system displaying negative feed-back, 
some of the output of the system returns to limit and 
control its further output. Thus, Rosenblueth, Wie- 
ner, and Bigelow point out that negative feed-back 
means the behavior of an object is controlled by the 
margin of error at which the object stands at a given 
time with reference to a relatively specific goal. A 
robot-controlled plane may, for example, be directed 
automatically to seek its target by electromagnetic 
waves sent out by it and reflected back from the target 
so as to modify the steering mechanism. The proxim- 
ity fuse detonates the shell as it approaches the target 
by the return of electromagnetic waves broadcast from 
the shell and reflected back to it. Again, the ther- 
mostatieally controlled house heating system is a more 
prosaic example of negative feed-back, since as the 
temperature rises it shuts off the heater and when the 
house cools off the furnace is turned on again by the 
thermostat. Engine governors and the steering en- 
gines of ships furnish other examples of negative 
feed-back, and mechanisms so controlled are ealled 
servomechanisms. 

Nervous system processes are replete with examples 
of negative feed-back. Thus increasing blood pressure 
excites stretch receptors in the carotid sinus, which 
sends to the vasomotor center impulses causing a fall 
in blood pressure. Homeostatic mechanisms in gen- 
eral that regulate our internal environment use prin- 
ciples of negative feed-back. Breathing movements 
are examples of control of rhythms of inspiration and 
expiration by negative feed-back. Another example 
is the control of movements of the limbs by reciprocal 
inhibition of antagonistic museles, producing orderly 
movement, and Adrian in his Physical background of 
perception (1) has discussed a number of such mech- 


anisms familiar to neurophysiologists. The cerebel- 
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lum is a complex coordinating center for smoothly 
controlling by way of negative feed-back sensory im- 
pulses from the limbs essential to precisely coordi- 


nated movements. 

Lorente de N6 has demonstrated the action of what 
he calls reverberating chains of neurones so arranged 
in closed paths in the central nervous system that each 
neurone excites the next around the loop, the last 
finally reexciting the first. With 10 billion neurones 
in the human central nervous system an appalling 
number of interacting neurone loops are possible. <Ac- 
tion once started in such reverberating cireuits can 
continue indefinitely as long as metabolism supplies 
the requisite energy. 

Suppose now that one or more of the neurones in 
such a loop is fired by a specific sensory impulse. 
This leop involving many neurones will correspond 
to the physiological substratum of that specific sensory 
event and as McCulloch has put it “A train of im- 
pulses in a regenerative loop preserves the form of 
the fact without reference to the one particular mo- 
ment when it was experienced.” Comparable loops ot 
activity are stored in the electronic calculating ma- 
chine by use of reverberating systems and principles 
of electronic scanning. 

Wiener also points out that the neurone operates 
on an on-off basis like an electronic relay. It either 
fires or not, and the parallel to the machine and its 
binary scale of operation is thus further borne out in 
terms of the basic units comprising the brain and the 
machine. Changing the grid bias of tubes by auto- 
matic deviees modifies the tube’s timing and in like 
manner negative and positive after-potentials of neu- 
rones are important in regulating impulse passage at 
synapses through modifications of synaptic excita- 
bility. 

Voluntary acts by their very nature exemplify neg- 
ative feed-back. Thus when we proceed to pick up 
an object from a table we do not command a specific 
sequence of muscular acts. Rather, as Wiener sug- 
gests, the controlling factor in the act is the degree 
to which the act has not been completed. The object 
may be picked up with either the right or left hand or 
The action 
ceases when the purpose is realized, after the manner 


even by the mouth if the hands are tied. 


in which servomechanisms control actions and bring 
them to a stop. Servomechanisms are purposive in 
nature. 

Rosenblueth and Wiener are preparing for publi- 
eation an experimental study of muscle clonus in 
spinal and in decerebrate cats. From an anlysis of 
the clonus frequency based on the theory of servo- 


mechanisms, they found good preliminary agreement 


between calculated and experimental values of the 





muscle’s rhythm of contraction in response to stiyyy, 
lation of its myotatie receptors by stretch. 


ForM PERCEPTION AND MEMORY 


Pitts and McCulloch (17) published a paper «. 
titled: “How we know universals, the perception oj 
auditory and visual forms.” In this paper they pre. 
sent both anatomical diagrams based on cortical new». 
anatomy and a mathematical analysis indicating hoy 
a scanning mechanism consisting of waves of impulse 
sweeping up and down over interlacing nonspeciti 
and associative afferent fibers-in the cortex can fy. 
nish a basis for the perception and recognition of fory 
when specific afferent stimuli arrive over Sensory 
pathways. In this type of nerve network, fory, 
whether that of a musical chord or a geometrical pat. 
tern, is independent of size or position in the fie 
and it is independent of any particular neurone 0 
small neurone group. In this connection it is inter. 
esting to recall that Lashley found recognition of pai- 
terns and retention of learned acts in rats to be a! 
fected to a surprisingly small degree by the surgic:! 
removal of specific anatomical brain areas.  Keter- 
tion of learned acts seemed to depend more upon the 
amount of tissue left'than on its locus. 





u40-0lsec. 





units 0! 


Fig. 5. Complex discharges in several 
the cerebral cortex following the local application 0! 
strychnine. Both outbursts are due to sensory stim! 
lation (touching the foot) and show the tendency to! 
the cortex to repeat the same pattern of discharge 
From Adrian and Moruzzi, J. Physiol., 1939, 97, 10° 


Pitts and McCulloch write “It is to the nonspecil 
afferents that modern physiology attributes the wel 
known rhythmie sweep of a sheet of negativity up 
down through the cortex—the alpha rhythm. If 0! 
model fits the facts this alpha rhythm pertoris § 
temporal ‘scanning’ of the cortex which thereby 
gains, at the cost of time, the equivalent of anotl! 
spatial dimension.” 

Lashley’s experiments with rats indicate that me!" 
ory traces occupy very extensive cortical areas, >! 
the ablation or transection of a given region doe not 


gjgnils 


destroy memory, and he has suggested that 
reaching receiving areas of the cortex ma) reverbe 

. ; . . : 1- 
rate extensively, affecting patterns of action 1" 


. ‘ . : Af omory 
numerable rhythmically acting local circuits. Meme” 
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races Would then be more or less stable resonance 


natterns Which might be extensively reduplicated all 


pver the cortex, ready to respond to incoming signals 


chich fitted the pattern of response. Fig. 5, trom a 
yaper Of Adrian and Moruzzi, shows such a pattern at 
yne point on the cortex set up in response to a specific 
sensory stimulation of the foot. 

But, as Adrian (1) has pointed out, it is difficult 
» see how memories can survive great changes in the 
pver-all patterns of activity of the brain such as occar 
yn normal sleep or in anaesthesia. As Adrian has 
tated in his teectures on the “Physical Background of 
erception,” “Clearly if memory traces are patterns 
hey must tend to occur in the same form after a pe- 
iod of inactivity and to bring this about it seems to 
he necessary to postulate some semipermanent modi- 
ication as Well. A slight cnange in the exceedingly 
jastie structure of nerve cells and dendrites would 
be enough {following activity|.” In this connection 
] would like to suggest by analogy that the storage of 
information in the wire recorder modifies the wire at 
» maecular level but not within optically observable 
uicroscopie dimensions and information fed by such 
A Wire to scanning circuits can reappear in its original 
form after a shutdown of the apparatus when its cir- 
suits are later reactivated. 

Finally, it is worth recalling that both the brain and 
he machine operate in relation to internal master 
‘locks. In the case of the brain, steady-state enzyme 


kinetics appear to regulate our time sense. 


PHILOSOPHICAL IMPLICATIONS 


Northrop, in a paper entitled “The Neurological 
id Behavioristie Psychological Basis of the Ordering 
(9), has diseussed the 
vork of Wiener, Rosenblueth, McCulloch and Pitts 
igainst the background of two opposing philosophical 
lews of the role of ideas as determinants of behavior. 
0 the Lockian and Cartesian dualists and to the ide- 
ilistic German philosophers there are only mechanical 
‘auses and no purposes or universals in the biological 
ealm, only particular events and no remembered 
vents with their persistent meanings. According to 
hese classical views, purpose, memory, and the exist- 
fice Of universals establish the reality of nonbiologieal 


minds or mental substances and thus lead to the for- 


uulation of vitalistie theories. Opposing these views 
ave been the mechanistie biologists and the behavi- 


{ "ist ’ , M > . 
‘ise psychologists for whom purpose and mind are 


mere € eee ° ° ° 
fre appearances or epiphenomena, and only stimuli 


an eorvea - 4 . 

d observed responses are real. Ideas as determi- 
a ’ any _ ‘ . . . 
tive causes are regarded as mere rationalizations 


biter the fact of behavior. 


N 5 a M4 ° :) . 7 ° ° 
orthrop dismisses both of these points of view in 





terms of the light shed by the recent neurophysio- 
logical concepts, pointing out that purposeful goal- 
directed behavior is possible in human neurological 
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Fig. 6. Effects of hyperventilation on the human 
electroencephalogram. Note marked slowing accom- 
panying the excessive removal of CO, by overbreath- 
ing. From Davis and Davis, Res. Publ. Ass. nerv. 
ment. Dis., 1939, 19, 50. 


systems containing negative feed-back mechanisms and 
patterns of reverberating circuits which are the epis- 
ideas and which ean function 


temie correlates of 


causally. Signals from the goal can alter behavior 
after it has been initiated so that it reaches the goal. 
This is the requirement for any mechanism in order 
that it be goal-directed and ‘‘a teleological system ean 
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Fig. 7. Records from the occipital region of the 
head, showing the effect of flickering light. Below 
the records from the head are tracings from a photo- 
electric cell indicating the rate of flicker. In the 
lower record the rate was reduced. from 18 to 12 per 
sec, and the cerebral waves keep in step with the 
flicker. The cerebral waves are potential changes of 
the order of 20—30 microvolts. Adrian reports that 
the alpha frequency here driven at 18 per sec can be 
driven up to 30 per see by flickering light. From 
Adrian, Lancet, 10 July, 1943, p. 34. 


be—and in the human nervous system it is—a mechan- 
ical system. It is a mechanical system in which the 
behavior of the system is controlled by a negative 
feed-back over the goal. 

“Because overt behavior ean be tripped by impulses 
from reverberating circuits whose activity conforms 
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to universals as well as by impulses coming immedi- 
ately from an external particular event, the behavior 
of men can be, and causally is, determined by embodi- 
ments of ideas as well as by particular environmental 
facts.” 

If brain waves do indeed represent the sweep of 
cortical scanning cireuits it is easy to understand their 
disappearance in the act of attending to visual ex- 
perience. Thus attending to sights or even recollect- 
ing visual experiences causes them to disappear as 
the sweep of television seansion is obscured by the 
formation of pictures. Asynchrony of the nonspecific 
sweep afferents with the specific sensory cireuits might 
be expected to obscure consciousness and indeed we 
do find consciousness lost when the brain rhythms 
show random slow wave activity, or when epileptic 
discharges take place in the form of abnormally large 
synchronized bursts of activity. However, it is none- 
theless possible to modify profeundly the alpha fre- 
quency without appreciable effect on perception or 
coordinated behavior. This fact is hard to reconcile 
with the need for precise synehrony of specific afferent 
patterns of continuous circuits as epistemic correlates 
of ideas and sweep frequencies of scanning cireuits. 
Thus, hyperventilation can slow the dominant brain 
wave trequency from 10 eyeles per second to 3 and 
on the other hand flickering light can inerease its fre- 
quency trom 10 to 30 per second without observable 
modifications of memory, consciousness or of pereep- 
tion in healthy persons (Figs. 6 and 7). However, 
it is also interesting that both of these procedures ean 
produce seizures in some epileptic patients with at- 
tendant loss of consciousness. We might expect modi- 
fication in the sweep of seansion to produce changes 
of this kind in everyone, but changes are the exception 
and not the rule. Failure to modify perception would 
appear to be possible only if the frequencies of all the 
reverberating circuits concerned with specific sensory 
afferents were equally affected by the agents affect- 
ing the scanning frequency of the nonspecific associa- 
tive afferents. But it is hard to see how such uniform 
synchrony would be possible over wide association 
areas of the brain, many of which experimentally 
show different thresholds of susceptibility to chemical 
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agents and which may not be appreciably affected jy 
a stimulus such as a flickering light that drives th 
neurones concerned with visual reception. 

The hypotheses of Wiener and his colleagues y, 
highly suggestive. It will be interesting to Obserye 
their impact on experimental physiology during the 
next decade. 

It would be agreed, I am sure, that one of the jy; 
significant physiologists of our time is Sir Chay 
Sherrington and a quotation from his book May; , 
his nature (12) is an appropriate conelusion to ; 
paper on waves and rhythms in the nervous systey, 
In language of singular charm, it pictures the brajy 
asleep and awake. 

‘*A scheme of lines and nodal points, gathered tp. 
gether at one end into a great ravelled knot, the braj 
and at the other trailing off to a sort of stalk, the spinal 
cord. 
light. 


Imagine 


Imagine activity in this shown by little points of 
Of these some stationary flash rhythmically, faster 
or slower. Other are travelling points streaming iy 
serial lines at various speeds. 
lights lie at the nodes. The nodes are both goals whither 
converge, and junctions 
travelling lights. 
sleep. 


The rhythmic stationary 


whence diverge, the lines f 
Suppose we choose the hour of dep 
Then only in some sparse and out-of-the-way place 
are nodes flashing and trains of light points runnig. 
The great knotted headpiece lies for the most part quite 
dark. Occasionally at places in it lighted points flash or 
move but soon subside. 

‘*Should we continue to watch the scheme we should 
observe after a time an impressive change which suddenly 
acerues. In the great head end which had been mostly 
darkness spring myriads of lights, as though activity 
from one of these local places suddenly spread far aul 
wide. The great topmost sheet of the mass, where hardly 
a light had twinkled or moved becomes now a sparkling 
field of rhythmic flashing points with trains of travelling 
It is as if the milky 
Swiftly the head 
mass becomes an enchanted loom where millions of fash 


sparks hurrying hither and thither. 


way entered upon some cosmic dance. 


ing shuttles weave a dissolving pattern, always a meal 
ingful pattern though never an abiding one. The bral 
is waking and with it the mind is returning.’’ 


Based on an address given at the Symposium on Waé 
and Rhythms held on September 16, 1948 in Washingt 
on the occasion of the Centennial Celebration of the Ame 
can Association for the Advancement of Science. 
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N THE COURSE OF PHOTOELECTRIC OB- 
SERVATIONS made last summer with the 82- 










10n to 4 inch telescope of the McDonald Observatory (Uni- 
System orsity of Texas) the writer found that the light from 
he brain jistant galactic stars is polarized. Polarizations as 







The plane of polari- 





high as 12 percent were found. 






hered tofmmyation appears to be close to the galaectie plane in the 
he brain fillMeases examined. More recently control measures were 







he spina made at the Lick Observatory, thanks to the courtesy 
points ME ¢ Director Shane and Dr. G. Kron; and during 





ly, faster 





December the work at the McDonald Observatory was 
extended to different regions of the Milky Way. 





ming iy 





tationary 





3 whither In view of the unexpected nature of this result the 





lines circumstances leading to its discovery are recorded. 





of deep Photometric observations for the detection of partially 






ay placeg 





polarized radiation from eclipsing binary stars have 





running, 





been in progress at the Yerkes Observatory for several 





art quite 





@years with a view to establishing observationally the 





s flash or 





effect pointed out by Chandrasekhar that the con- 





tinuous radiation of early-type stars should be polar- 
ized (1, 2). 





ce le 
@ shoud 


On the assumption that the opacity of 


suddenly 





n mostiearly-type stars is due to seattering by electrons, the 
activity continuous radiation emerging from a star should be 
far aE polarized with a maximum of polarization of 11 per- 
ae eent at the limb. Since the presence of this polariza- 
sedi tion ean be deteeted only when the early-type star is 
he milly partially eclipsed by a larger-type companion of the 
the healfmm System, the effect is masked by radiation from this 
of flash Companion so that the expected maximum observable 
a mea HE effect was only of the order of 1.2 percent in one ease 
he brat investigated (RY Persei). 

At this stage Dr. John Hall, of Amherst College, 
and proposed to the writer a program of collaboration 
Jhington, Whereby Dr. Hall would construct a “flicker” pho- 
e Amer: tometer which was to be tested jointly at the Me- 

Donald Observatory. Independently the writer was 

developing his own equipment which used polaroids. 
604 Dr. Hall’s equipment was tested in August 1947, dur- 
ith, Bir f/m "8S a short session at the MeDonald Observatory, but 
- no dependable results were obtained and it was found 
é that the equipment had to be remodeled. Unfortu- 
w York: 


Press, 
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Polarization of Light From Distant Stars 






nately, Dr. Hall was unable to come for a seeond trial 
period, scheduled for August 1948. 

Meanwhile the writer’s own equipment was completed 
and put to use during the summer of 1948 and was 
Certain Wolf Rayet stars which 
were known or suspected to be eclipsing binaries were 
Fairly large polarizations 
were found, but they did not appear to depend on the 


found satisfactory. 
examined for polarization. 


phase of the binary motion. The possibility of instru- 


mental polarization was considered, of course, but 


ruled out by control measures on check stars. The 
Wolf Ravet stars give the following results: 
Star Polarization 
% Position angle 
CQ Cep 10.0 62° 
BD 55°2721 8.0 44 
WN Anon* 12.5 44 


Coordinates: 22°08™ + 57°26’ (1945); 12.5 maeni- 


tude. 


The control stars had similar color and brightness, 
but showed no polarization except for one object, 
BD 55°2723, which gave 3 percent. This star, how- 
ever, is a giant and more distant than the other con- 
trol stars. Similar observations made on a group of 
Wolf Rayet stars in Cygnus showed no appreciable 
polarization, while two stars in Seutum gave positive 
results. Other regions, such as the double eluster in 
Perseus, also show polarization with values ranging 
up to 12 percent. 

We conclude from the positive and negative results 
quoted that the measured polarization does not arise 
in the atmospheres of these stars but must have been 
introduced by the intervening interstellar medium. If 
this conclusion is accepted, a new factor in the study 
of interstellar clouds is introduced. Further obser- 
vations are in progress for relating this phenomenon 
with other observable characteristics of interstellar 
medium. As has been stated, the results already at 
hand indicate that the plane of polarization approxi- 
mates the plane of the galaxy. 
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Observations of the Polarized Light From Stars 


John S. Hall 
U.S. Naval Observatory, Washington, D. C. 


HOTOELECTRIC OBSERVATIONS of the 
polarization of starlight made during the 
period November 1948 to January 1949 with 

the 40-inch reflector at Washington substantiate the 
hypothesis of W. A. Hiltner (2) that this effect is 
produced by interstellar matter. Furthermore, the 
percentage of polarization appears to be independent 
of wavelength; and the plane of polarization (plane 
containing the magnetie vector and the line of sight) 
appears to have no one preferential orientation. 
The observations were obtained with a photoelectric 
polarizing photometer (1) built at Amherst College 




















Fic. 1. Star HD 19820, a reddened star of spectral type 
O8. Polarization, 5.0% ; position angle of the plane of 
polarization, + 30°. 


in 1946 with the aid of a grant from the Research 
Corporation of New York. The light from a star is 
collimated and directed through a cover glass, which 
serves as a calibrating device, and then through a 
Glan-Thompson prism rotated at 15 cycles per second 
1P21 The 30-eycle voltage 
developed by the polarized component of the light 


to a photomultiplier. 
is selectively amplified and mixed with a phasing 
voltage in such a way that the d-e output ean be im- 
The 
amplitude of this wave is proportional to the intensity 
of the polarized light, and the phase of maximum 
defines the plane of polarization. 


pressed as a sine wave on a Brown recorder. 


Records of two 














ebl 





stars showing large and small percentages of polarize 
light are shown in Figs. 1 and 2. The vertical ling 
represent two-minute intervals. The trace during jp. 
terval S is produced by polarized light from the sta 
During interval D a quartz depolarizer is placed jy 
the light path, and C is the result when the cover glys 
is tilted 20° about an axis whose position angle j 
arbitrarily set at 94°. The starlight was already 
depolarized during the interval C. The plane of 
polarization is defined by the direction of the ligh 
and the axis about which the glass is tilted. A 2) 
tilt corresponds to 1.4% polarization. 

The percentages of polarization of the light from 
27 early-type stars are shown in Fig. 3 as a function 
of the color excesses determined by Stebbins ani 


Huffer (3). 


A strong correlation is obvious; th 








*. 


ee we — eS Oe OT ee 





Fic. 2. Star HD 24760, e Persei. This bright star is not 
generally considered to be a reddened L-type star, Polar 
tion, 0.5% ; position angle, — 68°. 


seatter, however, is much greater than the accidental 





errors of the observations, 

The dependence of polarization on color was deter 
mined on three nights from observations of ¢ Pers 
using Schott filters UG1 and BG14 for the ultraviolet 
region and RG1 or a Wratten yellow filter for the re! 
region. The effective wavelengths of the two spectt! 
regions were near 3,700 A and 6,200 A. The observed 
percentages with the ultraviolet filter were 2.0, 1: 
and 1.8; and with the red filter, 1.6, 1.0, and 2.2. The 
average value obtained when no filter was used is | 
percent. A second star, HD 33,203, was observed . 
one night, the result being 1.8 in the ultraviolet, 2.2 ID 
the red, and 1.8 with no filter. No definite variati™ 
of the orientation of the plane of polarization with 
color is indicated by these observations. 
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Fig. 4 shows the observed planes of polarization for 
92 early-type stars. The amount of polarization and 
the orientation of the plane of each is indicated by the 
jength and direction of the line, whose midpoint repre- 


ts the position of a star. The group of seven stars 


seu 


near the middle of the diagram exhibit a remarkable. 
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Fig. 3. Observational evidence of a correlation between 
color excess and percentage of polarization for early-type 
The size of the circle indicates the weight of the 


stars, 


observations. 


similarity in pereentages of polarization and orienta- 
tions of the planes, which may be a consequence of 


+ 
l 


the relative homogeneity of the obscuring material in 


the direction from which their light comes. 

[ have obtained these preliminary results from a 
project initiated in collaboration with W. A. Hiltner. 
My grateful appreciation is expressed to Dr. Hiltner 
aud to the Yerkes and MeDonald Observatories for 
the use of the 82-inch reflector for a period of two 
weeks during the summer of 1947. Despite very un- 
favorable weather conditions and some difficulty with 


a new type of photometer, we obtained some evidence 
of polarization in the light from one star, CQ Cephei. 
Accordingly it was planned to make a second trial at 
McDonald during the summer of 1948 with improved 
equipment, but a second trial could not be made be- 
‘cause of other obligations incurred by my transfer 
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Fic. 4. Observational evidence that there is no one pref- 
erential orientation of the plane of polarization. Stars 
showing no polarization are represented by circles. 
from Amherst to Washington on September 1, 1948. 
With the improved photometer, however, it was easily 
possible to detect polarization in the light from CQ 
Cephei with the 18-inch refractor at the Amherst Col- 
lege Observatory. Furthermore, these observations, 
made during the summer of 1948, showed little if any 
change in the amount of polarization with the phase 
Meanwhile, Dr. Hilt- 


ner’s independent work presumably had progressed so 


of this eclipsing binary star. 


far that he did not feel justified in accepting my pro- 
posal, made in November 1948, to prepare a joint 
paper on our work. 
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Structural Control in the Formation of 
Gneisses and Metamorphic Rocks? 


W. H. Newhouse, A. F. Hagner, and G. W. DeVore 
University of Chicago, University of Illinois, 
and University of Chicago 


Field work in the Laramie Range, Wyoming, has led to 
the concept of migration of chemical elements along 
planar features such as layering, schistosity, and sub- 
parallel, closely spaced fractures in the host rock. Gneis- 
sic structure may develop along and parallel to these 
planar features. Plotting the poles of these planes (as 
shown by strike and dip) on Schmidt hemisphere projec- 
tions and plotting the composition of the rocks which the 
poles represent make possible an exact comparison of 
lithologie composition and structural attitude. A large 
number of such projections have been made of Pre-Cam- 
brian rocks in Wyoming and Colorado. The results indi- 
cate a surprisingly close control of composition of the 
‘*guest’’ by structure of the host. Stress with uniform 
orientation over regions of hundreds of square miles dur- 
ing each ‘‘intrusive’’ period acted to ‘‘open’’ a set or 
These relict 
planes in the guest, when projected and contoured in the 
structural diagrams, give the center or centers of the 
The of the 
open structures for each of the succession of intrusions 


conjugate sets of planes in the host rock. 


most open planar features. centers most 
progress linearly across the diagram, indicating progres- 
sive shifts in the orientation of regional stress between 
intrusive periods. The schist facies display similar vari- 
ations, indicating a close relation between structural at- 
titude and facies of guest. The most open centers (pole 
concentrations) for the several schist facies march across 
the diagram roughly parallel to the line followed by the 
centers of the time succession of intrusions. 

Detailed quantitative work on three gneisses in Wy- 
oming gives a striking mineral variation within each one 
related to an angular variaton of as little as 10° to 20°. 
The line from basic to more acidic gneiss within each rock 
unit is roughly parallel to the ‘‘time’’ line of intrusions 
and the facies line of the schists. 

It is in accord with stress-strain theory to suppose that 
during each spasm of stress, planes of certain attitude 
would have least normal pressure and thus form ‘‘open- 
ings,’’ whereas others, differently oriented, would have 
most normal pressure and thus be the most ‘‘closed’’ 
planes of the region. The latter should include the host 
rocks that have suffered least migration of elements. This 
would be the ‘‘closed chemical system’’ portion of an 
area, in contrast to the ‘‘open chemical system’’ in the 


1 Published with the permission of the Director, Geological 
Survey, U. S. Department of the Interior, and the State Ge- 
ologist, Geological Survey, Wyoming. 
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open structure. Data available are adequate for a partly 
quantitative comparison of structure and composition, 
but the method may be made completely quantitative, — 

The viewpoint and method should have wide applicatiy, 
in either field or mineral studies of rock facies, Ty addi. 
tion to the gneisses and schists that have been mentioned, 
amphibolites, dolomites, and iron-formation are @Xanipleg 
of rocks of variable composition that might be profita))y 
studied. Regional correlation of gneissie rocks is yo 
sible. The strain pattern of a region being ‘‘ intrude” 
and metamorphosed can now be studied with fairly high 
precision. 


Rate of Nucleation of Solid Particles 
in a Subcooled Liquid 


J. C. Fisher, J. H. Hollomon, and D. Turnbull 


General Electric Research Laboratory, 
Schenectady, New York 


There are many instances, particularly in the | 
cleation of solid particles from a subeooled liquid, in 
which transformation appears to take place only after 
critical amount of supercooling. For example, in the for 
mation of ice from a cloud of water drops, Cwilong 
and Schaefer (3) observe snow to form at a critical teu- 
perature of about —38° C. Above this temperature, under 
most conditions, practically no ice is observed, althoug! 
the cloud cannot be subcooled below this temperatur 
without rapid transformation of the water to ice. It is 
the purpose of this paper to show that the existence of 
such a critical temperature is consistent with the theory 
of nucleation. 

According to nucleation theory (2, 4, 5), the rate of 
nucleation of solid crystals in a mol of liquid is 

h= (NkT/h) exp (— AF*/kT), 
where 


AF* = (16x/3) o°/AF,? 2 


is the local free-energy change on forming a nucleus of 
critical size, o is the solid-liquid interfacial tension, and 
AF, is the free-energy change per unit volume associate! 
with the transformation. 
Approximating AF, as 
AF, ~ AH, (1-T/T,), 


where AH, is the latent heat of fusion per unit volunte 
and T, is the equilibrium temperature, the value of In "* 


In f= In (NKT/h) — 162 6° T,2/3kT AH,? (T, - T): (4 


The lowest temperature, T., to which the liquid cat ' 

: ° * ® wine’ 
subeooled is evidently that for which In i ~°, §''!"* 
the relationship 


In (NkT./h) = 167 0° T,?/3kT, AH? (T,- T ig 
When the interfacial tension, 6, is known, the above ¢" 
tion can be solved for T,, the minimum temperature 0 
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chich the liquid can be subcooled. Alternatively, when 


he value of T. is known, the equation can be solved for 






ne interfacial tension, o. a 
for example, the freezing of water, for which 






Consider, 
the value of T. is known to be T,. =— 38° C. Taking T, = 
73° KK, as 235° K, AH, = 80 eal/ee = 3.34 (10)° ergs/ce, 
he value of the ice-water interfacial tension, 6, deter- 





partly 
ISition, 






e mined from equation (5) is 





ication o = 32.8 ergs/em’. (6) 
addi. . . . . . 
Sipe By using this value of o in equation (1), the rate ot 
toned nucleation, n, can be obtained as a function of T: 
LM Piles 
ee we © log, nl 
MWabiy 
. 0 - xX 
. ~ 38 ~ 10.89 
ded” — 34 - 8.33 
J high — 35 — 5.98 
~ 36 3.82 
—37 — 1.84 
— 38 0 
- 39 + 1.70 
— 40 3.27 
~— 41 4.74 
~ 49 6.10 
— 43 7.00 
It is of interest to note that the rate of nucleation 
changes by a factor exceeding 10% in a 10° temperature 
range including T, as midpoint. T., therefore, resembles 
e ; : : 
1; critical temperature, in that water cooled to a few 
id, ir ue ; ee, we 
P degrees above T, can persist as liquid for many years 
; on account of the small rate of nucleation of ice. How- 
le T0 : . . 
ever, on lowering the temperature from a few degrees 
" above T., the rate of nucleation increases so rapidly that 
= sulcooling below T, is highly improbable. 
under z 
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* BB The Reduction of 2,3,5-Triphenyltetrazolium 


8" BBChloride by Penicillium chrysogenum* 
rated 
Rosalie Broun Fred and S. G. Knight 
Department of Agricultural Bacteriology, 
University of Wisconsin 
tne The use of the tetrazolium salts, especially 2,3,5-tri- 
ode phenyltetrazolium chloride, to indicate cell viability is 
(3 ‘parently well established. Triphenyltetrazolium chlo 
ob ride (TTC) has been used to indicate the germinability 
‘ving 9 seeds (° ), and as a histological agent and a reagent in 
rapid: penicillin assays with Staphylococcus aureus (4). 
5 Me: Work was supported in part by a grant from the 
nau ms Laboratories, Inc., Syracuse. New York, and is pub- 
re to ‘hed with the approval of the director of the Wisconsin 





Agrie ‘ . é 
Neultural Experiment Station. 
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Its use as a reagent in physiology depends upon the en- 
zymic reduction of the soluble colorless triphenyltetra- 
zolium salt to an insoluble carmine red formazan. At 
this laboratory TTC has been used in studies on the 
physiology of the penicillin-producing strains of Peni- 
cllium chrysogenum. : 

Penicillium chrysogenum Q176 was grown in shaken 
flasks of 2% corn steep solids-2% lactose medium after 
the manner described by Koffler, et al. (2). After har- 
vesting, the pellets were washed free of pigments and 
nutrients, suspended in M/15 phosphate buffer, and torn 
After 
blending, a buffer solution of the dye was added to give 
a final concentration of 0.5% TTC. The buffer used 


throughout was at pH 7.2-7.4, because the reduction of 


apart by a 5-see treatment in a Waring Blendor. 


the dye was retarded at a lower pH and was virtually 
stopped at pH 6. 

Under these conditions the most active mold cells would 
reduce the dye to a deep red color in 20 min at 30° C. 
Table 1 shows the relative ability of Penicillium chryso- 
genum Q176 of different ages to reduce the dye to a 
colored formazan and gives the penicillin yields at the 
time of harvest. 


TABLE 1 
A CORRELATION BETWEEN THE RATE OF TTC REDUCTION AND 
PENICILLIN YIELDS BY MYCELIUM OF Penicillium 
chrysogenum Q176 aT DIFFERENT AGES 








. Penicillin 
Age of y 
mycelium Color yield 

‘Thee D (Oxford 

(Days) ae 
‘ units/ml) 

1 deep red 0 

2 deep red 0 

3 red 0 

4 pink-red 0 

5 pink-red 42 

6 yellow-pink 294 

7 yellow-pink 440 

8 yellow (color of mycelium) 310 


These experiments have been repeated on other peni- 
cillin-producing molds with the same results. Thus, if 
TTC reduction is an indicator of cell viability, it is evi- 
dent that young nonpenicillin-producing cells (1-3 days 
old) are much more viable than the older penicillin-pro- 
ducing cells (5-7 days old). In other words, penicillin 
is formed by the mold when its metabolic state is con- 
siderably reduced. That penicillin is formed by the mold 
when its metabolic state is low or abnormal has been 
suggested (1). These findings with TTC have been 
checked with the vital stains Nile blue sulfate and neutral 
red. The cytoplasm of young cells that readily reduced 
TTC stained deeply and homogeneously, while cells 5 to 
7 days old stained unevenly and showed the granules and 
vacuoles typical of aged cells. 

TTC was reduced only inside the cells and the addition 
of glucose did not change the rate or site of reduction; 
apparently the endogenous activity of the mycelium was 
more than sufficient to reduce the dye. The inhibitor 


KCN inhibited reduction at M/100 final eoneentration 
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and slowed reduction at M/1,000. Sodium malonate, 
sodium azide, 2,4-dinitrophenol, sodium fluoride, and 
iodoacetic acid merely slowed reduction at M/100 final 
concentration. Undecyleniec acid, a fungicidal agent, 
stopped reduction completely. From this lack of specific- 
ity for inhibitors it would seem that a number of reduc- 
ing enzymes acting on materials inside the cell can re- 
duce the dye. Aeration by shaking retarded reduction, 
perhaps because it raised the redox potential too high 
(over —0.08 v) or because oxygen competed with the TTC. 
Experiments on the reduction of TTC by Penicillium 
chrysogenum have added proof to the theory that peni- 
cillim is formed by a relatively inactive mold. Appar- 
ently a number of reductases can reduce the dye to the 
colored formazan. TTC promises to be an interesting 
and useful reagent in studies on cellular physiology. 
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Existence of a Tryptophan-Niacin 
Relationship in Corn 


Alvin Nasoa! 


Department of Botany, Columbia University 


The role of tryptophan as a precursor of niacin (nico- 
tinie acid) and its metabolites, especially in the presence 
of adequate amounts of vitamin demon: 
strated by recent investigations with mammals (3, 5-7). 
It has also been shown that tryptophan serves as a niacin 
precursor in the fungus Neurospora by way of kynurenine 
and 3-hydroxy anthranilic acid (2, 4). On the other 
hand, neither tryptophan nor any of its intermediates 
indicated in Neurospora seems to affect niacin production 
in Lactobacillus arabinosus and, certain 
organisms (10). It has also been reported that the 
tryptophan-niacin relationship does not exist in the case 
of bean seedlings grown without their cotyledons on syn- 
thetic media (9). The present study, however, indicates 
that a tryptophan-niacin relationship, like that found 
for certain mammals and Neurospora, may exist in a 
representative higher plant. Experiments in this labora- 
tory have demonstrated that the addition of L-tryptophan 
to the nutrient medium results in a significantly increased 
niacin content in mature excised corn embryos grown in 


Sa has been 
> 


other micro- 


sterile culture. 

Seeds of a genetically high-niacin corn (Tennessee 
Inbred 13)2 were sterilized with HgCl, and soaked in 
water overnight. The embryos (including scutella) were 
removed intact by sterile excision and transferred to 
inditidual Erlenmeyer flasks containing a liquid medium 
consisting of mineral salts, sucrose, and certain vitamins. 
Two sets of experiments were conducted. 

1 Lalor Fellow. 


2 This seed was kindly supplied by Mr. F. D. Richey of the 
U. S. Department of Agriculture. 
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In experiment I various combination concentratigy ab 
ALON 
of L-tryptophan and vitamin B, (equimolar quantities ,; int 
pyridoxine, pyridoxamine, and pyridoxal) were addeg ; ad 
ay . M) 
each. 10 ml (per flask) of the basal nutrient SOlutioy sv! 
, a, . 
The L-tryptophan and B, were previously sterilizeq }, wa 
€ , ; ; ve } "<« } 4 y . . , RO 
bacteriological filtration. The embryos were grown ; oF 
the dark at 25° C for 10 days and assayed for niacin }, 
TABLE 1 
NIACIN CONTENT OF EXCISED CoRN EMBRYOS Grow y Pop 
10 Days IN DARK WITH VARIOUS CONCENTRATIOy 
COMBINATIONS OF L-TRYPTOPHAN AND VITAMIN By E 
“Xx 
Experiment I i 
: Aver- 
Num- anntbis 
Treatment ber of 8 “ 
niacin 
(per embryo) em- r} — 
per ' 
bryos : Co 
seedling 
: ae $s 53 
Control 5.07 10 
100 ug L-tryptophan + 100 ug a 
vitamin Be 
100 ug L-tryptophan + 50 pg ne 
vitamin Be 
100 ug L-tryptophan + 10 ug ” 
vitamin Be 
Mean 
Re! ad en 
500 ug L-tryptophan +100 ug 8 7.4- 3. us 
vitamin Be lin 
500 ug L-tryptophan + 50 ug 
vitamin Be br 
500 ug L-tryptophen + 10 ug a 
Vitamin Be of 
Mean 78 + O03: 2.4 + 1.0 to 
1000 vg L tryptophan + 100 ug en 
vitamin Be | 
1000 wg L-tryptophan + 50 ug - 
vitamin Be Ch 
1000 wg L-tryptophan + 10 ug { 48 i, as 
vitamin Be Wi 
Mean 8.35 + 0.29* i ' 
5 ae tic 
* Standard error. ac 
the microbiological method employing Lactobacillus av 
binosus (1). Experiment I reveals (Table 1) mia’ 
synthesis in excess of that of the controls to be a dire 
function of L-tryptophan supply and to be independes! 9 
of the concentration of vitamin B, employed. On 4 }" 
> 1 
plant basis niacin was increased as much as 64% over tl! d 
controls when 1,000 ng of L-tryptophan, with various ©" 


centrations of B,, were added to the nutrient solution. 
In experiment II the effeets on niacin synthesis 0! / 
tryptophan and vitamin B, individually, as well as ™ 
combination, were studied. The data (Table 2) si’ 
that the addition of 1,000 ug of L-tryptophan, singly 0" " 
in combination with vitamin B., resulted in a 35% to 42% 
increase in niacin synthesis over that of the controls 0 
both a per-plant and a dry weight percentage basis. 5! 
tistical examination of these data by use of the / test an 
by analysis of variance (multiple classification) (5) show 
the increase to be highly significant (P < 1%). However 
the use of L-tryptophan and vitamin B, in combination Re 
resulted in only a 7% to 9% increase in niacin production 
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above that obtained by using L-tryptophan alone. This 
‘nerement is not statistically significant. Nor did the 
addition of vitamin B, alone significantly increase niacin 
synthesis over that of the controls as checked by the same 
statistical procedure. The increment was only 3% to 
5%. The quantitative differences in the responses of 


TABLE 2 


NiAcIN CONTENT* OF EXxcIsep CorRN EMBRYOS GROWN 
ror 10 Days IN DARK WITH AND WITHOUT 
L-TRYPTOPHAN AND VITAMIN Be 


Experiment II 


ie ——— -_—— 


Num- Average 





Average 

Treatment ber of ug niacin wg niacin 

(per embryo) em- per per gm 

bryos seedling dry wt 

Control 15 5.22+0.114 63.4 + 0.17 

53 ug vitamin Be 45 5.38+0.16 66.3+1.0 
1000 ug L-tryptophan 35 6.60+0.28 85.6+1.5 
53 ug vitamin Be plus 1000 ug 40 7.06+0.01 90.1+1.4 


L-tryptophan 





*Kach niacin value represents the mean of 5 replicated 
treatments, each treatment involving 7-9 seedlings, 
+ Standard error. 


embryos in the two experiments were probably due to the 
use of seeds from two different crops of the same genetic 
line. 

Niacin assays of the nutrient solutions in which the em- 
bryos had been grown indicate that a negligible amount 
of niacin (< 0.1 pg per plant) was lost by the embryos 
to the nutrient medium. 

It would appear from these experiments with excised 
embryos that a tryptophan-niacin relationship exists in 
corn, and that it is independent of added vitamin B,. 
Clarification of the role of tryptophan in this relationship, 
as well as in the normal metabolism of intact corn plants, 
will be a subject for future investigation. Such informa- 
tion will have added importance in view of the char- 
acteristically low tryptophan content of corn. 
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A New Method of Freezing Eggs in the Shell 
and Its Possibilities for Further Application 
on Freezing Foods in General 


Socrates A. Kaloyereas 


Department of Agricultural Chemistry and Biochemistry, 
Louisiana State University, Baton Rouge 


Present methods of preserving eggs by freezing require 
that the eggs be broken out of their shells, stirred to 
break the membranes, and stabilized by the addition of 
some material such as salt or sugar (9). The use of this 
product is limited to bakeries, confectioneries, and similar 
commercial establishments. 

Up to the present time, eggs in the shell have been 
preserved only at temperatures above the freezing point 
Ordinary cold storage, a combination of cold 
storage and gas storage (7), and other more or less 


of water. 


empirical procedures (8) are commonly used. All these 
methods possess certain disadvantages including displace- 
ment of the yolk, weakening of the vitelline membrane, 
considerable loss of weight, acquisition of off-odors and 
flavors during storage, and various other minor changes. 

A method has been developed in this laboratory for 
freezing eggs without cracking the shell. 
the above undesirable changes, and the eggs are suitable 
for home use. Furthermore, the resistance of the embryo 
to freezing temperatures is increased, as shown by hatch- 


This minimizes 


ability tests now in progress. 

The beginning of the process goes back to 1937, when 
the author was working on the freezing of mushrooms 
at the Low Temperature Institute, Cambridge, England. 
There the idea came to him that if the amount of water 
corresponding: to the expansion of the ice formed by 
freezing were removed uniformly from the tissues, it 
would probably prevent the disruption of the cells and 
obviate blanching. The preliminary tests at Cambridge 
indicated that this idea, despite the fact that the amount 
of water to be removed from the mushroom was found to 
be much more than the amount anticipated, was not with- 
out merit. The work was continued with more or less 
successful results on various other products in the lab- 
oratory at the Food Research Experiment Station, Athens, 
Greece, where the author was in charge until 1945. Mean- 
while, in 1939, he obtained a Greek patent (4) on a 
process of freezing foods following partial dehydration 
which actually is the first original and theoretically estab- 
lished process of dehydrofreezing. The work was inter- 
rupted by the war, but resumed in Louisiana in 1946. 

Since it appeared that expansion of the ice formed 
from the water of the tissues was the primary cause of 
most of the major changes occurring during freezing, a 
study was undertaken of the mechanism of these changes 
by associating them with the drip (the liquid exuded 
from the product during thawing). Adequate methods 
of measuring the drip have been developed (5, 6), and 
and by their use it has been possible to accumulate a 
multitude of data, to be published later, corroborating 
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the validity of the assumption that expansion is the pri- 
mary factor involved in the changes which occur during 
freezing. One of the controlling factors in the process 





ag 

and its water-ice curve (3) was estimated to be 6) 
- : “10, 

The actual experiment showed, however, that eliminatioy 
of a smaller amount (2-3%) was sufficient for freezing 


TABLE 1 


AVERAGE VALUES OF CONSTANT PROPERTIES OF EGG WHITES AND YOLK BEFORE AND 
AFTER TREATMENT (to a Loss of 8% Wt) 


Before treatment After treatment 








Liquid Solid Yolk Liquid Solid Yolk 
Percentage of liquid and solid whites .... 41 BS Che Rab Pade ahaha 49 51 ee 
RUOTRRCTOURCCEr TORIES so cee ieee ees 14.65 14.61 48.38 LTT 16.76 48.53 
RE ee Ba as Se oa es CE SS. IRR 8.32 8.24 6.09 8.89 8.99 6.07 
Redox potential millivolts at pH 7.0 ..... + 158 + 156 +116 + 139 + 133 +95 
SOON OI oh ON te a ae — 0.47 — 0.52 ~ 0.58 0.78 0.58 ~ 0,60 
Expansion by freezing at 20° F .......... 7.20 7.50 2.5 4.85 5.20 2 40) 
ee a Sa is ee be wh a eee es ae 3.22 3.39 5.83 8.45 3.66 6.095 


of expansion during freezing is the relationship of bound 
water to free water, which determines also the amount of 
drip. Dehydration affects this relationship as well as 
drip, though to a lesser extent in the freezing of eggs 
than in the case of other products. 
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Fics. 1-2. Rates of freezing of the yolk (----- ), thick 
whites (——————), and (..... ) thin whites of untreated 


(top) and treated (bottom) eggs. 


In the ease of eggs the problem was to reduce the water 
content to the extent needed to provide space for the ex- 
pansion of the ice formed by freezing. The necessary de- 
crease in weight based on the water content of the egg 


eggs under vacuum without cracking. After finding that 
the treatment does not greatly change the bound water 
(the amount of which is rather small) of the egg white 
and yolk (Table 1), the effect of a vacuum upon the 


properties of the egg whites and yolk was examined, since 
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Fic. 3. Expansion of the white and yolk of the eé# 
A—white: 1, untreated; 2, treated; 8, treated and frozen 
under vacuum. B—whole eggs: 1, untreated; 2, treated; 
3, treated and frozen under vacuum, C—yolks: 1, U 
treated ; 2, treated; 3, treated and frozen under yacuuli. 


vacuum has been used together with dehydrating agents 


for the prefreezing treatment. Determinations of the & 
pansion of the egg whites and yolk before and @ 
treatment under vacuum, as well as of their ‘ate ° 





2 
















Ol, -109 


ens 


February 18, 1949, Vol. 109 


—_— 


6.1%, freezing under vacuum, proved tedious until we were able 
to devise methods which gave reproducible results. The 
tails of these methods will be published later. 

Qerastey * 


Nation 
ree zing 
The results appearing in Table 1 and graphically in 
Figs. 1-3 show that freezing treated eggs under vacuum 

jeereases considerably their expansion during freezing 

* reverses the rate of freezing in the various parts of 
the egg content when freezing takes place at about 20° F. 


1, the fresh, untreated eggs the white freezes first and 





- ereates a solid wall around the yolk, so that when the 
‘or latter freezes there is no room for expansion and the egg 
48.55 cracks. When the eggs are treated and frozen under 
he vacuum, the yolk freezes first and pushes the white toward 
~ 0.60 the shell so that all the room available in the air space 
2.40 ‘; used during the expansion of the white. This, of 
6.085 course, allows better utilization of the space available 
within the egg. Removal of the gas from the yolk, on 
ig that the one hand, and lowering of the freezing point of the 
Water MM vhite by the treatment, on the other, seem the probable 
white explanation of this surprising result. A contributing 
on the factor also is the small decrease in volume of the thick 
sine white during the freezing of the treated eggs through a 
a yurtial breaking down of its mucin content, due probably 
i to the change of pH under the reduced pressure of CO, 
_a fact which is associated with a change in volume, 
In one particular case, where the change of thick white 
tu liquid was about 50%, the change in volume was about 
Al 3%. All these factors working together help to secure 
«better economy of space within the egg during freezing 
4-2 vd reduce the necessary treatment to a minimum. 
— (under these conditions the treatment does not affect the 
ro quality of the eggs at all; on the contrary, the whipping 
quility of the white is somewhat improved. The loss of 
6-| eight during storage at 20° F and 85% relative hu 
| , 


nidity was, in our experiments, 0.15% per month, in com 

pirison with a 0.23% loss obtained during the storage at 
2 ahout 32° F, 
of the room were kept higher. 
cooled condition at 23° F for 7 


This loss would be still less if the humidity 
Eggs kept in an under- 


months lost 1.8—2.9% 


BS '), and if the theoretical formula developed by Green- 
at ve (2) is valid, the calculated loss at storage tempera- 
tires below 28° F is zero. 
¢-3 
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Reversal to Penicillin Sensitivity in a 
Cysteine-requiring Mutant of 
Salmonella* 


H. H. Plough and Madelon R. Grimm 


Biological Laboratory, Amberst College 


The action of penicillin in producing bacteriostatic and 
bactericidal effects is believed to be due to chemical in- 
teractions with essential SH and perhaps NH, groups 
in the medium (Bailey and Cavalitto, 7), and so a met- 
Ad- 
ditional evidence for the point of view that penicillin is 


abolie block is produced which may be irreversible. 


a metabolic antagonist has recently been given by Wilson 
and du Vigneaud (7), who showed that L-penicillamine— 
but not D-penicillamine—inhibits the growth of young 
rats when added to a diet which otherwise permits good 
growth. When aminoethkanol and methylated derivatives 
were added to the L-penicillamine-containing diet the in- 
hibiting effect of the latter was counteracted. More direct 
evidence of specific metabolic antagonism is given by Gale 
and Rodwell (2), whose experiments with Staphylococcus 
are interpreted as showing that penicillin acts to impair 
the ability to assimilate glutamic acid. These investiga- 
tors have studied the nutritional requirements of penicil- 
lin-sensitive Staphylococcus, and of resistant strains de- 
rived from the original culture by training or mutation. 
It appears that the parental strains cannot synthesize 
most of the essential nutrilites, but can concentrate within 
the cell free amino acids, especially glutamic acid, pro- 
The 


mutant resistant strains have lost the ability to coneen 


vided they are available in the surrounding medium. 


trate free glutamic or other amino acids, but have coneur- 
rently developed the power to synthesize all these essen- 
tial nutrilites within the cell from their inorganie con- 
stituents. Since the mutant strains are thus not depend- 
ent for growth on the assimilatory processes they should 
be independent of the antagonistic effects of penicillin, 
as they are. 

These studies still leave many questions unanswered. 
One of the most obvious concerns the status of the Gram- 
positive organisms like Bacillus subtilis, which are hetero 
trophic, i.e., synthesize all their nutrilites except glucose, 
yet are still penicillin-sensitive. It is of considerable 
interest, therefore, to test the penicillin sensitivity of 
nutritional mutants of other bacteria, particularly those 
that are originally penicillin-resistant. 

We wish to record one such series of tests in a Gram- 
negative organism, the results of which give excellent 
correlation with the metabolic antagonism theory of the 
action of penicillin. We are studying radiation-induced 
mutations in Salmonella typhimurium, a food poisoning 
pathogen which is heterotrophic and highly resistant to 
penicillin, A number of different kinds of mutations 
1 Supported in part by a grant-in-aid from the American 
recommendation of the 
Growth of the National Research Council. 


Cancer Society upon Committee on 
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have been studied (Plough, 5), some of which were iso- 
lated by the methods of Tatum (6) and show the loss of 
certain enzyme systems normally carrying on specific 
essential syntheses, and so require one or more nutrilites 


in the medium. One of these mutant strains (#10-—1) 


TABLE 1 





International units of penicillin 
0.5 0.25 0.125 0.062 


+ 2 1 


Medium 


Original S. typhimurium 3511 


Infusion broth ttt +++ +++ +++ +++ 

$.D. + Casamino acid - ++ ++ 

$.D. + cysteine ~ + ~ - + + ~ 
S.D. + tryptophane —_ + + + 


S.D. alone 
Mutant strain 2410-1 


Infusion broth . 44 

S.D. + Casamino acid 

S.D. + cysteine + + é 
S.D. — tryptophane _ 

S.D. alone 


isolated after ultraviolet radiation, requires the amino 
acid cysteine, which the parental strain can synthesize. 
Thus we have here exactly the opposite situation from 
The 


original Staphylococcus is Gram-positive, requires amino 


that studied in Staphylococcus by Gale and Rodwell. 
acids in the medium, and is penicillin-sensitive. The mu- 
tant strains can synthesize their own amino acids and are 
penicillin-resistant. Our original Salmonella is Gram- 
negative, can synthesize amino acids, and is penicillin-re- 
sistant. Our mutant cysteine-requiring Salmonella turns 
out to be much more penicillin-sensitive. 

The tests were made by the tube method of assay 
(Plough, 4), using a graded series of dilutions of peni- 
cillin in complete broth medium, and in synthetic medium 
containing dextrose and essential salts? plus particular 
Growth readings of visible turbidity were 
made at 24 hours. Table 1. 

It is that the #10-1 is 


sensitive to penicillin than the parent strain, both when 


nutrilites. 
Results are shown in 


clear mutant strain more 


complete infusion broth medium is used and when the test 
is made in synthetic medium with complete nutrilites 
(S.D.+Casamino acid), or synthetic with the essential 
cysteine (S.D.+ cysteine). When synthetic medium and 
tryptophane or synthetic medium alone is used, the es- 
sential cysteine is not present, and so there is no growth, 
regardless of penicillin. 

This result brings Salmonella into line with the in- 
terpretation of Gale and Rodwell, though the wild type is 
the opposite of Staphylococcus. It further supports the 
conclusion that penicillin antagonizes the assimilation of 


2The composition of the synthetic medium (noted in the 
table as S.D., salts and dextrose) was as follows, after Mac- 
Leod (3): NaCl 5.00 g: (NHa)eSOn 4.72 g; KHePOn 2.72 g; 
dextrose 2.00 g; plus 1 ml of a solution containing 1 g each 
of FeCle, MgCle and CaCle in 600 ml. Distilled HeO was 
added to make 1 1 and pH was adjusted to 7.00 with N 
NaOH. 

When was “‘Vitamin-free Ca- 


Casamino acid is noted it 


samino acid” Difeo, a product hydrolyzed from casein. 
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one or more amino acids inside the bacterial cell, 4), 
of the mechanism of the metabolie block and of 4j,, 
reactions of other mutant strains is being continued. 
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Inhibition of Salt Accumulation in Excised 
Wheat Roots by 2,4-Dichloro- 
phenoxyacetic Acid 


James F. Nance 
Department of Botany, University of Illinois, Urbana 


Widespread interest in the growth effects of 24.(j. 
chlorophenoxyacetie acid (2,4-D) has led to a number 
investigations designed to reveal its mechanism of action, 
Perhaps the most obvious metabolie effect observed is thy 
striking decrease in the reserve carbohydrates of t 
treated tissues (5). More recently, changes in the 1¢- 
spiratory activity of treated tissues have been reported. 
Brown (1) found significantly increased CO, evolution !y 
bean seedlings 1 to 4 days after application of 24) 
spray. Hsueh and Lou (2) report a stimulation of ge 
mination of rice and barley seedlings at concentration 
of about 100 ppm of 2,4-D and, at higher concentratios 
(up to 1,000 ppm), inhibition of both germination au 


respiration. Increased CO, evolution by the roots 0 
dandelion plants 5 to 15 days after the plants had bee 
sprayed with 2,4-D mixture was observed by Rasmusstl 
(7). Taylor (10) made detailed studies of O, uptake 
and CO, evolution of wheat and mustard seedlings (15 (0 
30 hrs old) treated with 2,4-D solutions of from 0.25 10 


10 ppm. Manometrie measurements over a period of 4 
hours principally revealed decreases in both O, and ( 
exchange in the two types of seedlings. Studies of Smith 
(8) on the stems of 2,4-D-treated bean seedlings shov 
increases in the respiratory activity of treated tissue wht" 
ealeulated on a dry weight basis but decreased activi! 


when calculated on protein-nitrogen basis. Control 's 


sues were found to be significantly more sensitive . 
iodoacetate than 2,4-D-treated tissues under anaerlt 
conditions. Worth and MeCabe (12) compared the effects 
of 2,4-D on the growth of several species of aerolit, 
facultatively anaerobic, and anaerobie bacteria. Growth 
of the aerobic organisms was greatly inhibited in 3 out 
of 4 organisms by concentrations of from 0.2% 1° af 
2,4-D. 
concentration and were stimulated at concentration 4 
from 0.002% to 0.2% in all cases. Growth of anaerotit 


. . (Pe any 
Facultative anaerobes were not inhibited at 
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study weteria Was inhibited over a wide range of concentrations 
yac . 
Othe 
ther of 94-D. 
fl. | preliminary results of studies concerned with the effect 


f 24-D on salt accumulation, which developed from a 
tudy of the effect of this compound on nitrate assimila- 
418, 55, ca’ are reported below. Excised roots of 4-day-old 
heat seedlings were used as plant material. 
wing period the seedlings were supported on Fiber- 
blas gauze stretched tightly over a 2-liter Pyrex erystal- 
izing dish which contained 0.0001 M CaSO, The eul- 
.3 were aerated and the vessels were kept in a dark 
The plants were 


| During the 

+ 0, 
r0 

6-451, 
ela] 
ure 
room maintained at 22.0°+0.5° C. 
sown from White Federation 38 seeds harvested in the 
Plant material 


(Oak 


» 1946, 


sseramento valley of California in 1945. 








S, 10, 7 -_ 
in each experimental flask consisted of 45 root segments, 
ach 15 mm long, of which 20 were root tips and 25 were 
ed from more mature sections of the root. Because a less 
sensitive method for the chloride determination was used, 
it was necessary to employ samples of 35 root tips plus 
TABLE 1 
| NO- 
Time 3 Percentage 
, vane Treatment* absorbed oti cmmeual 
9 4 (amg (meq x 10°%) 
=,T 
ber of KNOs 0.50 100 
ction, " KNOs + 2,4-D 0.20 40 
age KNOs 2.30 100 
tthe " KNOs + 2,4-D 0.60 26 
he re- _. Lie rn eee ae nil 
orter KNOs 3.35 100 
y ei 
i KNOs + 2,4-D 0.90 27 
ion 
2) *KNOs, 0.001 M; 2,4-D, 10 ppm. 
f g 


ations M100 of the mature sections in the experiments on chloride 


accumulation. 















n al For the experiments, the root samples were placed in 
ts Of MES ml of solution containing 0.001 M KNO, or 0.01 M KCl, 
| beet MMA with various additions, and aerated by shaking in a con- 
uss! Rstant temperature bath at 25° C for 6 hrs. In the nitrate 
iptake experiments, the culture solutions were decanted from the 
(18 to roots, and the roots washed 3 times at the end of the 
2) (01Mexperiment. Nitrate analyses were made on the com- 
of +MMbined culture solutions and washings and separately on 
dC, the roots. The phenoldisulfonie acid method was used 
smi MiRfollowing a modification of Burstrom’s procedure de- 
shov MM scribed earlier (6). Although only culture solution analy- 
dei ses are reported in this paper, analyses on both roots 
‘ti Mand cultures were necessary to determine the effect of 
pl tis the treatments on the reduction of the nitrate. In the 
ve : ‘periments reported below there was no significant 
erobi nitrate reduetion in any treatment. Chloride analyses 
fet Were made according to Fajan’s method (11) on an 
ma ‘liquot of the eulture solution. The 2,4-D used was re- 
“ “ystallized twiee from a commercial preparation and 
' a ~ at 134 to 135° C (uncorrected). 

2 _Nesults of a time study (Table 1) show a marked 
t “ inhibition of nitrate absorption by 10 ppm of 2,4-D 
ns within 3hrs. This effect is clearly a primary 2,4-D in- 
erObiC MMM hibition of the accumulation mechanism and not a. secon- 
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dary effect following upon a general metabolic disturb- 


ance. In Table 2 it may ‘be seen that concentrations 


TABLE 2 


EFFECT OF CONCENTRATION ON INHIBITION OF 
NITRATE ABSORPTION BY 2.4-D 





2,4-D HOS Percentage 
(ppm) annerien” of control 
(meg x 10-*) ; 
0.0 1.90 100 
0.1 1.65 87 
1.0 1.10 58 
5.0 0.65 33 
10.0 0.70 37 





* KNOs in all cases, 0.001 M. 


as low as 0.1 ppm are inhibitory. Maximum inhibition 


was attained with 5 ppm. An attempt to determine the 
effect of pH on the toxicity of 2,4-D unexpectedly re- 
vealed that KH,PO, at 0.001 M (used as a buffer) en- 
hances the 2,4-D inhibition of nitrate accumulation very 
(Table 3). In the presence of 0.001 M 
KH,.PO,, 1 ppm of 2,4-D restricted the uptake of nitrate 
to form 4% of the control (pH 4.0) to 14% of the con- 
trol (pH 6.0). 
effect of the same concentration of 2,4-D alone in 2 other 


markedly 


These results should be compared to the 


experiments reported in Tables 2 and 4, where uptake 
of nitrate amounts to 58% and 62% of the controls, re- 
spectively. Although the inhibition is greater at the 
lower pH, the differences in absolute amounts are not 
large enough ;to indicate a pH relation conclusively. It 
will be noted that phosphate did not restrict nitrate up- 


take in the absence of 2.4-D. 


TABLE 3 





" NO. 
DH of 2,4-D 3 Percentage 
absorbed? 
buffer* (ppm) 2 of control 
(meq x 10%) 

6.0 oO. ? 60 100 
4.0 1.0 0.10 4 
5.0 1.0 0.30 12 
6.0 1.0 0.35 14 


* KHePO,, 0.001 
or HeSO,. 
+ KNOs in all cases, 0.001 M. 


M adjusted to pH: indicated with KOFI 


Attempts to reverse the effeet of 2,4-D were made with 
certain dyes: methylene blue, quinone, and dichloroben- 
zenone indophenol, as well as iodine, cysteine, sodium 
sulfide, and a normal cellular substrate, citric acid. The 
dyes and iodine, all used at 10 ppm, enhanced the in- 
hibitory effect of the 2,4-D to a small degree of question- 
Sodium sulfide (pH 6.0) at 1x10" M 
killed the roots; at 1x 10*M its effect was not signifi- 


able significance. 
eant. Cysteine at 1x 10-*M had no significant influence. 
Citrate alone was able to reverse the 2,4-D imhibition. 
Its reversal activity was demonstrated in the presence 
of 1 ppm of 2,4-D and in a second experiment in which 

» 


the roots were presoaked for 2 hrs in a solution of 25 
ppm of 2,4-D, washed, then placed in KNO, with and 
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without added citrate. The citrate concentration was 0.05 
M in both cases and adjusted to pH 5.0 with KOH. 


TABLE 4 


REVERSAL OF 2,4-D INHIBITION 
NO, p ' 
33 ercentage 
Treatment* absorbed 7 


of control 
(meq x 10°) of contro 


pO 100 


KNOs 2 
IKNOs + 2,4-D 1.55 62 
KNOs + 2,4-D + K citrate 2.45 96 
Pre- 
soaked KNOs 1.40 647 
in KNOs + K citrate 3.40 1547 
2.4-Dt 


* KNOs, 0.001 M; 2.4-D, 1 ppm; K citrate, 0.05 M, pH 5.0. 
+ Based on average amount of KNOs accumulated by 45 
root segments (controls) in 6 hrs, from 6 experiments. 

= Roots aerated in a solution of 25 ppm of 2,4-D for 2 hrs. 


Experiments with KCl, one of which is reported in 
Table 5, indicate that the 2,4-D inhibition of aceumula- 
tion is not a specific nitrate effect. 

It was felt that the 2,4-D inhibition of salt accumula- 
tion might be associated with a lower respiratory activity 
in the treated roots. Oxygen consumption by 45 root seg- 
ments at 25° C was measured in a Warburg respirometer. 
The lower initial values in the third test (Table 6) are 
probably due to the fact that in this case, after they were 
cut, the roots stood 3 hrs in redistilled water before they 
were placed in the vessels. In the first 2 tests the roots 


were placed in the vessels as soon as they were eut. 


TABLE 5 


2.4-D INHIBITION OF CHLORIDE ABSORPTION 


Cl 
Parra ae 
Treatment absorbed Perce ntage 
(meq x 10-2) of control 
ate ge 1.37 100 
KCL (0.01 M) +2,4-D (10 ppm) 0.70 ‘a 


Machlis (4) observed a similar effect with barley seedling 
roots. It may be seen that the oxygen consumption by 
roots after 5-7 hrs is significantly greater in KNO,, 
KNO, plus 2,4-D, and 2,4-D alone than it is in distilled 
water. Differences in oxygen uptake between the roots 
in KNO;, KNO, plus 2,4-D, and 2,4-D alone are prob- 
ably not significant in these experiments though it is 
possible that more intensive studies might reveal such dif- 
ferences. It appears that the inhibition of salt aecumu- 
lation by 2,4-D cannot be as conclusively related to 
diminished oxygen consumption as can its inhibition by 
various respiratory poisons as deseribed by Machlis (4). 

The results of the present investigation suggest that 
”.4-D brings about a change in the relative amounts of 
energy released by the various possible respiratory path- 
ways or components. Salt accumulation, for example, 
might be affected by the 2,4-D inhibition of a particular 
respiratory component. 


Lundegardh (3) has, indeed, 
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presented evidence for the oceurrence of two respiraty, 
systems in plant tissues, a cyanide-insensitive syste 
which he calls the ‘‘ground respiration’’ and a eyanjj 
sensitive system which he designates the ‘‘ anion respir 


i 
i 


irect 


>? 


tion. The latter component he associates with ga} 4 
cumulation. As a consequence of the postulated jy) 
bition of a particular respiratory pathway by 2,4-) , 
in order to account for the fact that oxygen consumptiy 
is not appreciably affected, it might be suggested furtjjmmtent 
that as one component of the respiration becomes |i puri 
active a second one may assume greater activity. nerie 

Another general mechanism for the inhibitory effect 
2,4-D on salt accumulation is suggested by recent wo 
with and Sussman ((iMBbntit 


studied the inhibition of anaerobie synthesis in yeast i} of 


rge « 
le ace 


azide. Spiegelman, Kamen, 











TABLE 6 jence 
ee ee * " small 
Oxygen consumption, now 
mm?®/hr/45 root 1a} 
segments* auld 
e asi 
_ - 
ard cers | 
= baal : 
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10 ppm. nuns 
+ Only one vessel in each experiment for these treatments 
other rates are average values for two vessels. 
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— 


ymments and 
ommunications 


rectory of Latin-American 
entific Institutions 


During the eight years that the Committee on Inter- 
rican Seientifie Publications has been in operation a 
rge amount of information has been accumulated on 
» academies, universities, scientific societies, and other 
tific institutions, both private and governmental, for 
The 
ince may be interested to know that with the aid of 


readers of 


gall grant from the Pan-American Union this material 
now being assembled into a Directory, which will be 
We have had 
e assistance of prominent scientists as editorial ad- 


silable in printed form later this year. 


vrs in each country; consequently, it has been possible 
report in considerable detail on the structure of the 


vulties of the leading universities. 


\ report on the history and general activities of the 
ter-American Committee is in preparation. 
HARLOW SHAPLEY, Chairman, and 
CHRISTINA BUECHNER, Executive Secretary 
\ewbury Street, Boston, Massachusetts 


irect-writing Instruments for 


diocardiography 


ln Prinzmetal’s article on radiocardiography (Science. 
ptember 24, 1948, p. 340) mention is made of a direct- 
ntng counter used in this work; however, there is no 
«ription of the apparatus per se. In no article, nor 


conversation with members of the Instrumentation 
much of the AEC, have we been able to find adequate 
vriptions of such apparatus. 

We have devised direct-writing instruments that are 
'y suitable for this work and are only adaptations of 
iilard laboratory instruments. Anyone interested in 
lioeardiography may in this short note find some help- 
‘hints for his own use. 

Any counting-rate meter type monitoring instrument 
‘probably be used in direct-writing counters. In our 
‘ratory the Vietoreen model 263A has been adapted 
‘use it happened to be on hand. All that is necessary 
that leads be attached to each side of the meter. These 
ils are then attached to a linear potentiometer, and a 
tion of the voltage across the potentiometer is fed 
"the ink-writing or photographing instrument used. 
‘have fed a portion of this voltage into a portable 
toeardiograph and into a viseocardiette, obtaining 
tellent tracings. The only precautions necessary are 
at the potentiometer have high impedance in propor- 
‘to the meter of the monitoring instrument so that 
‘ of the current flows through the meter (we use a 
ho of approximately 1000: 1) and that only a fraetion 


t a ’ . . 
he Voltage across the potentiometer be used to acti- 





vate the ECG string or wire. The response of the ECG 
is linearly proportional to the meter of the monitor over 
the whole meter range. The moderate sensitivity range 
of the monitor is best for use with all writing instruments 
we have used. 

We have recently used the same monitor in conjunction 
with a 


standard d-e amplifier and ink-writing oscillo- 


graph. In this case the leads were set directly into the 
amplifier input without interposition of the potentiom- 
eter. Again the moderate sensitivity range was most 
desirable. Response of the pen was certainly adequate. 
Slow speed on the paper feed gave best results. 

Any such setup as has been described has some of tlie 
following advantages: (1) availability of the parts used; 
(2) easy adaptability of the instruments; and (3) the 
use of multichannel ECG machines and ink-writing oscil- 
loscopes, which allows simultaneous determination of re- 
sults with variation in placement of GM tubes over tlie 
precordium and with simultaneous standard ECG records 
using one pair of leads to the multichannel instrument. 
(The 
ahead of one d-e amplifier to allow ECG’s to be made. 

Capt. PAYNE S. Harris 
Army Medical Department Research and 


multichannel oscilloscope needs a_pre-amplifier 


Graduate School, Army Medical Center, 
Washington, D. C. 


The Highest Laboratory in the World 


In the November 5, 1948, issue of Science, under News 
and Notes (p. 498) the following statement appeared. 
‘*The highest laboratory in the world, situated on the 
summit of Mt. Evans, Colorado, at an elevation of 14,156 
feet, is currently being used. . ee 
to the readers of 


laboratory in the 


I thought it would be of interest 
Science to mention that the highest 
world is located in Morococha, Peru (a mining town of 
about 4,000 inhabitants) at an altitude of 14,900 feet. 
This 


Biology, Faeulty of Medicine of Lima, and it is used for 


laboratory belongs to the Institute of Andean 
physiological and clinical investigations relating to th: 
influence of a low pressure environment. At the present 
time a new and larger building is being completed. 

ALBERTO HURTADO’ 


Faculty of Medicine, Lima, Peru 


A Suggested Contraction for 
“Desoxyribonucleic Acid” 


I have 
speaker 


which the 
‘* desoxyribonucleic 


numerous lectures in 
10-syllabled 
acid’’ from 5 to 25 times. 


listened to 
mouthed the 
Such terms as ‘‘dopa’’ and 
Why, then, 
nuclear 


‘*paba’’ are in common use by scientists. 
could we not designate this 
stituent by the 


‘“dorna?’? 


important con- 


simple and euphonious contraction 
RutH S. BITTER 
Bacteriology Laboratory, Hospital Division, 
Medical College of Virginia 
‘ Now visiting medical centers in this country at the invi- 
tation of The Rockefeller Foundation. 
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NEWS 





and Notes 


Charles F. Kettering, 2 co-sponsor 
of the Sloan-Kettering Institute for 
Caneer Research since 1943, has been 
named the chairman of the 1949 fund- 
raising campaign of the American Can- 
cer Society, for which a minimum goal 
of $14,500,000 has been set. The drive 
is scheduled for April. 


Robert Fross Rinehart, director of 
the Planning Division of the Research 
Board last 
July, has been appointed executive see- 


and Development since 
retary of the Board, to succeed Law- 


rence R. Hafstad. 


Parker R. Beamer, Department of 
Pathology at Washington University 
Medical School, has been appointed 
professor of microbiology and immu- 
nology and associate professor of pa- 
thology at the Bowman Gray School of 
Medicine, Wake Forest College, effec- 
tive July 1. 


Leon Campbell, Pickering Memo- 
rial Astronomer at the Harvard College 
Observatory, was the guest of honor at 
a dinner held in Cambridge January 
29 and attended by 125 of his col- 
In of 


years’ service to astronomy, he was 


leagues. recognition his 50 


presented an illuminated seroll by 
Donald H. Menzel, associate director 


for solar research in the Observatory. 


W. R. Hatch has been appointed 
chairman of the Division of Biological 
Sciences at the State College of Wash- 
ington, Pullman. He is sueceeded by 
Noe Higinbotham as chairman of the 


Department of Botany. 


Jack R. Ewalt, director of the Gal- 
State Psychopathic Hospital 
of the University of Texas Medical 


veston 


Branch, has been made administrator 
of the Medical Branch Hospitals, suc- 
ceeding B. I. Burns, who has become 
head of the Municipal Hospitals in 
Kansas City, Missouri. 


Adriance S. Foster, professor of 
botany at the University of California, 
has returned to the Berkeley campus 


SCIENCE 


from a 6-month trip to South America 
with an extensive collection of tropical 
plants from the Amazon jungle. The 
object of his trip, for which he was 
awarded a Guggenheim fellowship, was 
to make a general study of the mor- 
phology and anatomy of certain groups 
of tropical plants. He was a guest in- 
vestigator at the Instituto Agronomica 
do Norte in Brazil while working at 
Belém, near the mouth of the Amazon. 


Vincent Salmon, former staff physi- 
cist for Jensen Manufacturing Com- 
pany, Chicago, will head the sonies see- 
tion of Stanford Research Institute’s 
Research Department. Dr. 
will continue his studies on 


Physies 
Salmon 
industrial applications of high fre- 
quency sound and investigate the rela- 
tionship of sonies to underwater and 
aerial acoustics. 


Theodora L. Coolis, zoology teach- 
ing assistant at the University ef Wis- 
eonsin for the past two years, was 
recently appointed biology instructor 
at Kalamazoo College, Michigan. 


Paul F. Shope has been appointed 
associate professor in the Department 
of Botany and Plant Pathology of the 
Oklahoma Agricultural and Mechanical 
College. 


John F. Fulton, Sterling professor 
of physiology at Yale University 
School of Medicine, will deliver the 6th 
Frank Billings Lecture at a joint meet- 
ing of the Institute of Medicine of 
Chieago and the Society of Medical 
History of Chicago on February 25. 
His subject, commemorating the cen- 
tennial of the birth of William Osler, 
will be ‘‘Osler as a Humanist.’’ 


Henry P. Kalmus, formerly at Ze- 
nith Radio Corporation’s research lab- 
oratory, has been appointed to the 
staff of the National Bureau of Stand- 
He will conduct investigations 
in advaneed electronic techniques in 
the Bureau’s Ordnance Research Lab- 


ards. 


oratory. 


Robert W. Wood, Jolins Hopkins 
physicist, was made honorary Doctor 
of Science by Oxford University when 
he was in England last October. 


Visitors to U. S. 


Sir Harold Spencer Jones, Astron- 
omer Royal of England, arrived Feb. 


February 18, 1949. Vol, 1 
7 to begin a 3-month lecture toy, ! 
the U.S. His host is 8. A. Mite, 
of the Leander MeCormick 
tory, University of Virginia. 


Obsery, 


Godfrey S. Delatour, former gj 
member of the Universities of Berli 
Frankfort, and Paris, has been nay 


visiting lecturer in the University 


Illinois Department of Sociology ah 
Anthropology. Prior to his recent », 
pointment, Dr. Delatour lectured ; 
Columbia University. 


a 


Colin White, formerly a lecturer 
the University of Birmingham, Eng 
land, recently accepted a 2-year al 
pointment as assistant professor , 
physiology in the School of Medicin 
of 


University Pennsylvania. ) 


White’s appointment was made with{ 


view to promoting the exchange 9 
teaching and research ideas betwee 
the U. S. and other countries. 


Grants and Awards 


Great Britain’s Royal Photograph 
ic Society has 
Progress Medal to Loyd A. 
head of Kodak Research Laboratories 
Dr. 
ceived the honor for his contribution 


Jone 


physics department. Jones t 
to the use of photographie sensitomet 
in the manufacture and control of phi 
tographic materials. He will go 
England in May to deliver the Hurte 
before the 5 


















and Driffield Leeture 
ciety. 


The University of California | 
Berkeley has been granted $10)!" 
the Rockefeller Foundation f 
equipping the new Virus Laborato 
Wendell Stanley, Nol 
Laureate who recently joined the 
ulty. The funds will be available f 
the three-year period 1949-51. 
$15,000 ultracentrifuge is already! 
use at the laboratory and an elett! 
microscope will ve added soon. 


by 
headed by 


Applications for grants from 
Cyrus M. Warren Fund of ! 
American Academy of Arts 
Sciences should be received by 
chairman of the Committee, Freden4 
G. Keyes, Massachusetts Institute 4 


Technology, not later than a 
alt 


{ 


Grants are made in aid of chemi 
search—generally for apparatit| 
supplies, or for the construc! ion of p 
cial facilities needed for reseatel 


B 


chemistry or closely related fields. 
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tour fuse of limited resources, the amount involves problems of radioactive phos- mer courses, June 7—August 20, in in- 
Mitcheiffi/™/ gn individual is seldom more than phorus transfer in relation to sperm organic, analytical, organic, and phys- 
Obserry 00, Application blanks may be ob- metabolism. ical chemistry, carrying 8 semester 
ined from the chairman. Saiielbilet el ‘tem: Siti Maui credits, the equivalent of a full year’s 

: work. If there is sufficient demand, a 

ner staff The Robert Gould Research Foun- University faculty present a televised ps6 jn biochemistry may also be 


f BerlafiliMiation of Cincinnati has made a grant- program each Friday night at 9:00 given. Students may register for the 


D nani aid of $5,000 to The Johns Hopkins over the aspen eee oa 4-week (one-semester) or for the 8- 
ity ‘versity Se: i f y te stwork. ; os, C . . . 
ersity mPniversity for research in 1949 by tem network he series, calle © week (full-year) work. ‘‘The Chemi- 


ogy am V. McCollum, professor emeritus Johns Hopkins Science Review,’’ of- 
cent aullmme biochemistry, School of Hygiene fers demonstrations of basic principles 
tured ! )] Public Health of the University. in various fields of science and illus- 
ie fund will enable Dr. McCollum to trates work being done in the Hopkins 
tinue his study of the chemistry of research laboratories. The February 
utrition, particularly the problem of programs are on insect repellents, art 
pparating amino acids in pure form. applied to medicine, the human heart, 
and supersonic flight. Televiewers are 
invited to send in topics which they 


cal Elements and Their Compounds,’” 
a continuation of last summer’s course 
on ‘‘ Fundamentals of General Chemis- 
try for Teachers,’’ will be held June 
27-August 6. This course carries 2 
credits. For further information, 
write Alexander Silverman, Depart- 
ment of Chemistry, University of Pitts- 
burgh, Pittsburgh 13, Pennsylvania. 


eturer q 
m, Eng 
year a 
eSsor 9 Z 
Medicing ellowships would like to see presented. 
a. J*B : r P 
A fellowship im obstetric and pi ontiers in Chemistry, the 8th 


miter er, > pet annual lecture series of Western Re- Meetings and Elections 
» qualified M.D.’s for work under 


_E. Rakoff at the Jefferson Medical 
ollege and Hospital. Applicants for 


le with 4 
ange 9 
serve University will be held in Cleve- 
land beginning March 4. The first 
group of 5 lectures on ‘‘Recent Ad- 
vances in Physical and Inorganic 


aie The Torrey Botanical Club re- 
cently elected the following officers for 
1949: president, Edwin B. Matzke, 
Columbia University; lst vice presi- 
dent, Charles A. Berger, Fordham Uni- 


. 


e fellowship, which will be avail- 
ble about May 1, 1949, should com- 
tograpnaunicate immediately with Lewis C. 
its 10M ‘heffey, Professor of Obstetrics and 


Le Jone 


, 


Chemistry’’ will be given on successive 
Fridays March 4—April 1 in Room 27 
of the Adelbert College Main Building. 
The second group of 5 leetures will 


also be held on Fridays—April 15- 


versity; 2nd vice president, Marion 
A. Johnson, Rutgers University; cor- 
responding secretary, Jennie L. 8. 
Simpson, Hunter College; recording 
secretary, Donald P. Rogers, New York 
Botanical Garden; treasurer, Elva 
Lawton, Hunter College; editor, 
Harold W. Rickett, New York Botani- 
eal Garden; business manager, Harold 


yvnecology, Head of Department, and 
ratoresmDirector of Division of Gynecology, 
ones Meferson Medical College and Hos- 


ho tonllm ; : May 13. Each speaker will present 
ributiougiital, Philadelphia 7. x dhe. E 


oad two related lectures, one from 5:15 


‘| of phim The New York State Department t° 6:05 p.m. and the other from 7:45 
11 go Wt Health is offering fellowships of to 8.35 p.m. Admission fee to each 
e Hurtemmp.i00 per year for the training of group of lectures is $10.00. Tickets 
the Sdmplysicians to qualify for publie health for individual lectures will not be sold. 
sitions in the state. The training, Approximately 200 tickets are avail- 
tone year or more, is for health of- able for each group. They may be 


H. Clum, Hunter College. 


ornia | The American Mathematical So- 


cers, tuberculosis rsicis sliniea] purchased at the lecture room on open- ; : ; . 
$1 00,0 saa ss ata a night or from the University wae per yd eat - cieartie re _ 
tion f urther ahirmalien and ‘ollie trar, Western Reserve University, ee ere ype a ee a 
borato ms are obtainable Sooen Pecshiee 11105 Euelid Avenue, Cleveland 6, printed pasoreceg a ig Bea ee 
y, No heniii: Sli iia tte of Ohio. York : ity. The Society’s 444th meet- 
| the fad , , ing will be held on the same date in 


rofessional Training, New York State Eckhart Hall, University of Chicago, 


lable ff 


hea! Ds > 1OV f y j i j 
5. a ee se ‘sn pio E. Summer Programs Chicago. The 445th meeting will take 
iti State Office Building, Albany 1. co ~ +o, a eo Pe 
read} p Purdue University announces its place April 1 —— Duke University, 
| electra oll : rer second annual Short Course for Mold Durham, North Carolina. 
n. eges and Universities Technicians to be held July 11-23 on 


An International Conference on 


the University campus. The course ‘ é : , 
from 4 : I ’ Science Abstracting is being convened 


The University of Massachusetts 


ae , 7 under the direetion of C. L. Porter, i 
of “Ws inaugurated an instruction and , & let a are Me. by Uneseo, to meet at Unesco House 
ware : ; yrofessor of botany, will include the . : tia 
irts search program in physiological and I ; rhe : : in Paris June 20-25, 1949. A work- 
1 by Mihemieal « ‘ tg study of mold manipulation and iden- . . ea 
al aspects of radioactivity. In ; ing paper for the conference is in 


tification, and physiology of fungi. 
The fee will be $100, ineluding sup- 
plies. Further information may be ob- 
tained by writing to M. M. MeClure, 


Frederié 
stitute 
A pril j 
omical f 


iiection with the safety program, 
istin M. Brues, of the Argonne Na- 
Dual Laboratory, recently lectured on 
Biological Consequences of Radio- 


preparation by Thérése Grivet, making 
use of the analytical survey of ab- 
stracting services prepared for Unesco 
by the International Federation for 


rats : tivity, 9? The research program, Division of Technical Extension, Pur- Documentation at the Hague. 

on of sp hich is aided by the National Re- dup University, Lafayette, indiana. In addition to the voting represen- 
search iearch Council’s Committee on Mater- The University of Pittsburgh tatives from the United Nations 
elds. Bae Health, is already under way. It Chemistry Department will give sum- Member States, there will be repre- 
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international 
organizations having special interest 
Not only 
representatives of abstracting services 


sentatives from many 


in science documentation. 
but also working scientists, science li- 


brarians and doecumentalists will be 


invited. Observers are welcome. 
The conference will receive and dis- 
cuss a report on the present state of 
science abstracting, explore alternative 
abstracting 


such problems as language difficulties 


techniques, and discuss 
and means for improving the accessi- 
bility of (inter-library 
loans, photocopying, ete.). 
make 


publications 
It will also 
improving ab- 
stracting service through standardized 


bibliographies, terminology, and lay- 


proposals for 


out, and through greater cooperation 
among services by subject and lan- 
guage to effect economies and eliminate 
gaps. 

Further information on the confer- 
ence may be had by writing J. B. 
Reid, Program Specialist for Scientific 
Literature, Unesco, 19, Avenue Kléber, 
Paris 16. 


Michigan State College will hold its 
annual Dairy and Food Inspectors 
School April 4-7. Those interested 
may obtain full details of the School 
and a copy of the program from W. L. 
Mallmann, Department of Bacteriol- 
ogy and Publie Health, Michigan State 
College, East Lansing. 


BAAS Meeting at Brighton 


The 110th meeting of the British 
for the Advancement of 
Science, held in the southern England 


Association 


seaside town of Brighton in Septem- 
ber last, was criticised by many as 
lacking inspiration. 
There was some justification for this 


. formless and 
view when the inevitable comparisons 
were made with the highly successful 
previous year’s meeting, held in the 
Seottish University town of Dundee, 
where there were 1,750 local members 
as against Brighton’s 150, and where 
there was an exciting theme, ‘‘ Swords 
into Ploughshares,’’ whilst Brighton’s 
meeting had none. 

Yet there was a certain cohesiveness 
at Brighton, due entirely to the mas- 
terly presidential address of Sir Henry 
Tizard, F.R.S. The keynote of his 
words was the great need to increase 
industrial produetivity, and many of 


SCIENCE 





the discussions in the various sections 
fitted into his lead. 

Sir Henry spoke a day after Sir 
Stafford Cripps, the Chancellor of the 
had told the powerful 
Trades Union Congress that Britain 
needed to use more brain in tackling 
Without 


referring directly to that speech, Sir 


Exchequer, 


the problem of productivity. 


Henry (the key figure in Britain in 
the application of science to social 
needs, as he was then president of 
the British 
chairman of three Government bodies: 


Association, and is now 
the Advisory Council on Scientific Pol- 
icy, the Industrial Productivity Com- 
the 

Policy Committee ) 


mittee, and Defense Research 


proclaimed what 


> eould do. 


‘‘more brain’ 

Sir Henry made it clear that what 
was needed was not the general ex- 
pansion of research—‘‘certainly not 
the expansion of Government research 
remote from the everyday problems 


’? 


of industry’’— but to apply what was 
The productivity of 


labour was far lower than it could be 


already known. 


if the results of past research were 
more resolutely and continuously ap- 
plied. There was a need, he said, for 
well-trained management in industry, 
in which technical efficiency was the 
concern of engineers and technologists 
who had intimate contact at al) levels 
with scientists responsible for research 
and development. In other words, 
scientific thought and influence should 
he present in the whole process from 
research to production and use. 

This country needed also to main- 
tain a high standard of teaching in 
the schools, or the next generation of 
scientists would suffer. In the long 
run—Sir Henry went on—the expan- 
sion of research would fail to produce 
the hoped-for result unless education 
in the higher branches of technology 
was promoted. Finally, he drew at- 
to the of 


great complexity that had arisen from 


tention social problems 
the development of preventive medi- 
cine. A growing world population was 
for limited of 
food, and the numbers reaching the 
sixth and seventh decades of life was 
He believed that 


whatever new comforts and luxuries 


competing supplies 


growing greatly. 


might be provided in future by the 
advance of physical science, it was on 
the development of the biological sci- 
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ences that the peace and Prosperity , 
the world would depend largely, 
On the next day, in his presides, 
address to the Economies Section, ¢ 
Hubert Henderson rebuked CCONOMIs 
who were among ‘‘the most extry, 
gant propagandists of go-easy jy 
sions, the most pushing salemen 
ervating fools’ paradises,’’ 
the magnitude of 4 
effort required by Britain to surmoy 


for hd 
appreciating 
her economic difficulties. In pres 
conditions, he said, controls were yw 
ful and sometimes indispensable, 
Another economist, Mr. 8S. R. Dq 
nison, declared, however, that it y 
exaggeration to say that almost ever 
thing—the effects of the war yeu 
the lack of incentive in inflation cog 
ditions, the effect of direct taxation, 
incentive, and the seller’s market fi 
labour, for example—except off 
exhortation, was directed towards 
couraging a slow working pace. 
chief cure, then, was to create couij 
tions which encouraged inereased ¢ 
fort. 
of technology or organisation whie 


There were no simple formu 
could take its place. The confusion ¢ 
thought on productivity was, he | 
lieved, a faetor contributing to th 
misdirection and waste. of resoure 
which were the distinguishing mark « 
the present situation. 

The psychologists agreed that thet 
was a need to create conditions whit 
encouraged increased effort: but the 
approach was different from that ¢ 
‘<The dominating fa 
in this matter of incentives,’’ * 
Mr. Nigel Balchin, ‘‘is that our 
purely financial concepts are bankri) 
that in our world today the 


Mr. Dennison. 


nature | 
than tl 


+} 


incentives is nothing more 
nature of human motivation, 
‘workers’ are nothing less than th 
human race, and that ‘work’ is 
must be nothing less than life. It 
as simple as that and we cannot a" 
the tremendous implications of ‘! 
simplicity. ’’ 

He was reinforeed by Mr. Atl! 
Curle, who believed we had ‘to 
sider the structure and orientatio! 
society rather than specific goals who 
impetus will not long outlast, in ‘ 
adverse environment, their apple 
tion.’’ And by Professor ©. A. Mae 
who declared there was no Vv! 
term policy which offered a prom 
meeting the present demand fot 


Ty sho 


18@ 


Ie 































ebr 


ron 
ato 
m | 
Rona 
f a 
hiel 
ases 


pede 


Th 


he ' 
brobl 
he | 
opul 
ber 
alse 


ard 


ion 

lurve 
rove 
oder 
food 

a hy 
Sir 
these 
popul 
ere 

Minin 
f a 
‘eor 
ware 


ie he 











Vol ebruary 18, 1949, Vol. 109 
IM a 





ronger ‘‘ Will to work.’’ The foun- 
ation of a satisfactory incentive sys- 
om lay in vocational guidance, voca- 
b onal education, and the organization 
social and industrial order in 


erty 9 
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v 






ident) 
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f a 
.) cooperation sprang from pur- 
genuinely shared by those who 





NO Mist 
€Xtrarg 


SY il] . 
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veded to cooperate. 






“i : The problem of productivity is not 
of ie’ that concerns industry alone. It 
ino important also in rece pager for, 
pres ; Dr. G. Seott Robertson pointed out, 
ere yom? world is once thore facing the 
ble. “BB oblem of want with the passing - 
R. Del’ period of plenty. The world’s 
e opulation is increasing by 20,000,000 
+t evernimmpe! anTUM, and we are pledged to 
. oll aise the standard of living of back- 
ion oe’ countries. 
ation Although the situation was grave, 
rket fe: Robertson was not pessimistic. 
fie ‘If a peaceful world were to set it- 
rds emmgelt the task of applying the knowledge 
e. ‘th already have in preventing soil 
> «onimgestage by erosion, in iner ‘asing pro- 
sed eqgection by irrigation, by the applica- 
ormuls on of the exacting knowledge of 
1 whidplant breeding, by application of ferti- 
usion ogee’, by the mechanisation of work on 
he } le land, not forgetting the electrifica- 
to tyggon of the farm buildings and homes, 
sour! by developing rapidly the appli- 
— ition of genetical science to the 
needing of our farm animals the world 
at theme’ it would, at a very conservative 
< whi mate, be possible to double and 
ut the ven treble our produetion of food in 
that qe atively short time.’’ The effect- 
ing fn application of existing knowledge 

'> gif Britain and the U.S.A. would raise 
me iaggeencultural output by at least 50 
ynkrup erent. 
ature ( It was also necessary to cut down 
han th le gigantie losses due to the diseases 
n, th t crops and stocks and the depreda- 
han th ion of pests, and insects. Between 

is itm 'vest and consumption there is de- 
», It troved every year, by mites, pests and 
ot aviimeclents, grain equivalent to all the 
of th Food traveling into international trade 

‘bout 65,000,000 tons. 

Ada Sir John Russell, F.R.S., underlined 
‘to cilfm//’se words by pointing out that while 
tion Population was steadily increasing, the 
Is who re of agricultural land was steadily 
jn MBM Uinishing. “We need a new type 
applie pt agricultural research,’’ he said, 
. Mae ‘“orresponding to the operational re- 
y sho pr of large-scale industry. It will 
mise “tecessary to study closely the meth- 
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for Sof the best farmers (who hold 
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more than half the total number of 
farms and nearly two-thirds of the 
land). A detailed study of these sue- 
cessful enterprises should show the 
principles underlying their success and 
the 
parable with that from the three-field 


system to the Norfolk rotation. ’’ 


open way to some advance com- 


Reports were given by two geneti- 
cists—Mr. Gordon Haskell and Mr. H. 
P. Donald—on inbreeding and hybrid 
vigour in crop improvement and live- 
Inbred strains of 
corn hybridised together produced off- 


stock production. 


spring showing increased vigour, such 
hybrids often surpassing both parental 
varieties in yielding capacity. In the 
U.S.A. 62,000,000 acres out of 90,- 
000,000 sown with 
The hybrid 


seed was being introduced into Europe, 


under maize were 


hybrid corn (or maize). 
with good results. The same technique 


was being used for chickens, with 


great success. 
Lr. 


mathematical 


Michael Graham described how 
being ap- 
plied to fishing, allowing the proper 


theory was 


application of data of fishery research, 
so as to calculate the yield of a fishery 


under various rates of fishing and 
other conditions. One formula had 


been used with success to forecast eer- 
tain catches for the past three years. 
A grave warning was given by Pro- 
D. Bernal, F.R.S., that the 
extremely rapid increase in the utili- 


fessor J. 


sation of materials of all kinds in in- 
dustry and agriculture was beginning 
to be on such a scale that it affected 
the actual available supply of many of 
the 
haust their most concentrated deposits 


elements and threatened to ex- 


in a matter of decades. He deseribed 
how in an industrial system elements 
did not remain in any fixed place, but 
underwent a cycle in which they were 
combined in different ways with other 
elements, and where they were con- 
centrated, dispersed, and again con- 
centrated. 

A careful examination was needed 
of every phase of the utilisation cycle 
in conjunction with that of the whole 
industrial process, with particular re- 
gard to the possibilities of research in 
making processes, especially the re- 
The 
important new idea, essential to any 
effective utilisation of the elements, 
was that 


covery process, economic. most 


no element should be em- 


ploved where its particular properties 
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were not utilised to the full. One way 
of ensuring such economic use of ele- 
ments was by the extension of fune- 
tional specification to the widest num- 
ber of cases, that is, not a specifica- 
tion for the use of a certain element, 
but a specification of the fabrication of 
a product with such and such physical 
or chemical properties. 

of 
feature of the discussion of the prob- 
of old age. the 
aged as ‘‘a new reservoir of produe- 


Conservation manpower was a 


lems Describing 
tive power for the nation,’’ Sir Ernest 
Rock Carling denied that there was 
any warrant for persons to retire at 
60 or 65. This was dictated on socio- 
logical, and not on biological, grounds. 
The number of healthy and indepen- 
dent old people (6,000,000) completely 
overtopped the ailing, the sick, and 
the decrepit (200,000). The disabili- 
ties of age could be offset by intelli- 
gent adaptation: and at work the old 
showed less 
than the 


steadying factor. 


psychological weakness 


young, and were a good 
To help the indi- 
vidual in ill health, it was not drugs 
that were needed, but personal effort, 
bodily and mental activity, occupation, 
and interest. 

Much attention was paid to the role 
of the colonies in helping Britain to 
The geog- 
rapher here made a special claim for 
full ‘*For our 
own good name,’ Rennell 


of Rodd, ‘‘the social geographer must 


meet her food problems. 


use of his abilities. 


said Lord 


be called in to play his very large part 
in adapting our changing conceptions 
of 


seeking to rationalize the mess which 


African administration, and in 
western European nations, ineluding 
the African 
continent.’’ Many other significant 
of the 


discussed—sueh 


ourselves, have made in 
Commonwealth 
the 


emigration from Britain and the ur- 


aspects were 


as problem of 
gent need for a colonial atlas. 


There was much misgiving about 
the training of the scientist and of 
Pro- 


fessor John Reed, F.R.S., in a delight- 


the young worker in industry. 


ful paper on Specialisation and Cul- 
ture in Chemistry, showed how bad 
were the consequences of specialisation. 
His words have a general application. 
‘*We ought at least to take what steps 
we can to combat the narrowing out- 
look affect 
science students at all levels,’’ he said, 


which now threatens to 
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‘fand we ougit particularly to bear in 
mind their social, cultural and spiri- 
tual needs.’’ He ended the 
words: ‘*Ending as we began, upon 
an alchemical note, we realize that the 
microcosm of man has its roots and 


with 


being in the macrocosm of the outer 
world, with which it is one. As Salo- 
mon Trismosin wrote in the heyday of 
alchemy : 

Study now whereof thou'rt part; 

So shalt thou see of what thou art; 

What thou studiest, learn’st and art, 

Of that it is thou formest part. 

All that is around without us 

Is eke within us. Amen.” 

On the needs of youth in industry, 
‘*What 
is wanted at the moment,’’ he declared, 


Mr. F. Bray was outspoken. 


‘‘is better accommodation, more up-to- 
date equipment, more good teachers, 
good libraries, and good social ameni- 
all 
encourage students to make themselves 


ties—indeed those things which 


efficient workers and good citizens.’’ 
In reviewing this meeting for ‘‘ The 
Times’’ of London, I coneluded: ‘‘ All 
in all, in spite of the proper absence 
of a single set theme at the Brighton 
meeting, it has been made clear that 
workers in nearly every field of the 
of have been 
turning attention, like Sir Henry Tiz- 
ard, to the contribution which they 


advancement science 


can make to remedying the world’s ma- 
terial troubles. Yet, at the same time, 
it has been made equally clear that 
science goes forward, as it must always 
go forward, in pursuit of the truth 
wherever it may lead, and among the 
chief memories of the Brighton Con- 
ference will be such notable events as 
Sir Lawrence Bragg’s classic presi- 
the mathematics 
physics section on Recent Ad- 
vances in the Study of the Crystalline 
State. 

This year the British Association is 
to hold its meeting in Neweastle, in 
the North Country. 


dential address to 


and 


The president is 
Sir John Russell; and the presidents 
of the various sections are: Sir Harold 
Spencer Jones (Physics and Mathe- 
maties), Sir Alfred Egerton (Chemis- 
try), Professor W. J. Pugh (Geology), 
Professor A. C. Hardy (Zoology), Pro- 
fessor L. Dudley Stamp (Geography), 
Sir Alexander Gray (Economies), Sir 
Arthur Fleming (Engineering), Mr. 
M. C. Burkitt (Anthropology and 
Archaeology), Professor R. A. Peters 
(Physiology), Professor G. H. Thom- 





son (Psychology), Professor Lily New- 
ton (Botany), Sir F. Clarke (Eduea- 
tion), Professor N. M. Comber (Agri- 
culture). MAURICE GOLDSMITH 


Deaths 
W. D. MacMillan, 77, professor 


emeritus of astronomy and mathema- 
tics, University of Chicago, died No- 
vember 14. 


W. S. Hall, 87, professor emeritus 
of mathematics at Lafayette College 
and charter member of the Mathema- 
tical of died 


Association America, 


December 17. 


Vincent H. Morris, 50, chemist-in- 
charge of the Federal Soft Wheat 
Laboratory at the Ohio Agricultural 
Station, 
January 17 at Wooster, Ohio. 


John E. Weeks, 95, author and 
professor emeritus of ophthalmology 
at New York University, died Febru- 


Experiment Wooster, died 


ary 2 while vacationing in La Jolla, 
California. Co-diseoverer with Robert 
Koch of the Koch-Weeks bacillus, Dr. 
Weeks received the Ophthalmological 
Research Medal of the American Medi- 
1929. 


eal Association in 


Rudolf Samuel, 
fessor of physical chemistry at tlie 
Haifa Teehnieal College, died in Tel 


oe 


52, author and pro- 


Aviv February 3. 


Hans Wollenweber, 69, German 
plant pathologist, died February 3 in 
Washington, D. C. 


who had worked in the U. S. 


Dr. Wollenweber, 
Depart- 
ment of Agriculture for several years, 
“ame to the U. S. last fall, planning 
to American 


continue his research work here. 


become an citizen and 


Henry V. Gummere, 78, emeritus 
lecturer in astronomy at Haverford 
College, died February 9 at his Phila- 
delphia home. 





A joint U. S.—Australian expedi- 
tion, sponsored by the National Geo- 
graphie Soéiety, the Smithsonian In- 
stitution, and the Commonwealth of 
Australia, has recently returned from 
Arnhem Land, the Stone Age country 
of northern Australia. The naturalists 
spent 8 months there (see Science, Feb- 
ruary 20, 1948, p. 190) and brought 
back a collection of more than 10,000 
fish, 350 birds, and 460 mammals— 
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ns 


some of them previously undeseribe 
They also learned much about the lis 
toms and relies of the natives, Qn, 
the most significant archeologica) ,j, 
coveries of the expedition was the con 
plete Stone Age hatchet unearthed jy 
Frank M. Setzler, Smithsonian anti), 
pologist. Countless pieces of chipped 
quartzite, shaped to a cutting ey, 


had been found previously in yay 


parts of eastern Australia, ag well 
Arnhem Land. 


dg 
The discovery of th 
hatchet—one of the scrapers attache 
by cement to a handle—establishe 
conclusively the use of this tool by the 
early Australian aborigines. 


A new laboratory for studying 
range-finder performance has |e 
established at the National Burean of 
Standards with the cooperation of the 
It is 
under the direetion of I. C. Gardner 
and is equipped with a temperatun- 


Army Ordnance Department. 


controlled test chamber and an optied 
range finder that simulates a target 
for eight different ranges under conii- 
tions corresponding to a wide range of 
climate. The new laboratory pernits 
a systematic analysis of the variow 
components of the error of a give 
range finder and has thus been useful 
in suggesting improvements in design. 


The Naval Ordnance Laboratory's 
new central unit at White Oak, Mary 
land, was recently dedicated and 
now an integral part of the $35,\)'\. 
000 project for research in moderl 
armament. Begun during the war, the 
Laboratory now utilizes 60-odd perme 
nent buildings as well as 34 tempor 
structures, and has 9 more permanelt 
buildings under construction. 





The AAAS Membership Of- 
fice, 1515 Massachusetts Ave 
nue, NW, Washington 5, D. ©. 
will appreciate any information 
concerning the present addresses 
of the following people, all life 
members, whose names and last 
known addresses are as follows: 
A. W. Elliott, New York City; 
Mary L. Jackson, Pittsburgh; 
Fred I. Lackenbach, San Frat 
ciseo; J. D. Marmor, New York 
City; Shigeo Yamanouchi, Un" 
versity of Chicago. 














